Petrology of Anorthosite Bodies, Bitterroot Range, Ravalli County, Montana by Berg, Richard B.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1964 
Petrology of Anorthosite Bodies, Bitterroot Range, Ravalli County, 
Montana 
Richard B. Berg 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Berg, Richard B., "Petrology of Anorthosite Bodies, Bitterroot Range, Ravalli County, Montana" (1964). 
Graduate Student Theses, Dissertations, & Professional Papers. 10953. 
https://scholarworks.umt.edu/etd/10953 
This Dissertation is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
P E T R O L O G Y  O F  A N O R T H O S I T E  B O D I E S  
B I T T E R R O O T  R A N G E ,  R A V A L L I  C O U N T Y ,  M O N T A N A
BY
R i c h a r d  B.  B e r g  
B.  S .  B e l o i t  C o l l e g e ,  1 9 5 9
S u b m i t t e d  i n  p a r t i a l  f u l f i l l m e n t  o f
T H E  R E Q U I R E M E N T S  F OR T H E  D E G R E E  OF
D o c t o r  o f  P h i l o s o p h y
M o n t a n a  S t a t e  U n i v e r s i t y  
196^
A p p r o v e d  b y :
C h/a i r m a n ,  B o a r d  o f  E x a m i n e r s
D e a n , G r a d u a t e  S c h o o l
DEC 1  I9G4
D a t e
T A B L E  OF C O N T E N T S
P a g e
A B S T R A C T .........................................................  V I  I I
I N T R O D U C T I O N  . . . ...............................................................  . 0 0 0 . . .
P u r p o s e  o f  I n v e s t i g a t i o n  .  .  © © .  © © © © © © » ©
L o c a t i o n  a n d  A c c e s s i b i l i t y  •  <> © o • *  <> © © o o ©
P r e v i o u s  Wo r k  i n  t h e  A r e a  .  © © © © © « © © .  .  .
N a t u r e  o f  t h e  P r e s e n t  I n v e s t i g a t i o n  © © © © © © •
A c k n o w l e d g m e n t s  ©    © © © © .
R E G I O N A L  GEOLOGY ............................................  © . © . © © © © © © ©
P E T R O G R A P H I C  D E S C R I P T I O N S  . © ................................ © . © © © © ©  1 5
S l L L I M A N I T E  G N E I S S  • © ©   © • . © © © © ©
Q u a r t z  M o n z o n i t i c  a n d  G r a n o d i o r i t 1c  G n e i s s  © © © • 2 3
A m p h i b o l i t e    • © © © © © © ©
A n o r t h o s i t e  a n d  T o n a l i t e  © • © © • © . © © * © © ©
S m a l l  A n o r t h o s i t e s  a n d  T o n a l i t e s  © © © © © ©  W
L a r g e  A n o r t h o s i t e s  • . © © © . © © © © • © «  
A N O R T H O S I T E  O C CURRE NCES • • • • • • . . • • • . . • • •  8 9
F E L D S P A R  M I N E R A L O G Y  • © • • © © © • © • © o o o o o o ©
P e r t h i t e  -  S y m m e t r y  a n d  C o m p o s i t i o n  . © © « . © ©  92
P l a g i o c l a s e  C o m p o s i t i o n  a n d  T h e r m a l  S t a t e  © © © © 97
P E T R O G E N E S I S  ............................................  © © © © © . © © © © © • ©  1 1 3
T e m p e r a t u r e  E s t i m a t i o n  © © © © © © .  © © 1 1 3
O r i g i n  o f  A n o r t h o s i t e s  a n d  T o n a l i t e s  © © © . © © .  1 1 4
- 1 1 -
- I l l -
P a g e
Is o c h e m i c a l  M e t a m o r p h i s m  . • . . . . . o . . 115
M e t a s o m a t i s m  • • • • • <> • o • • . • o o . . 
A n o r t h o s i t i c  M a g m a  . . • • • • . • • . . . < >  116
C r y s t a l l i n e  M u s h .................. . . . . . . .  118
A n a t e x i s    • . . . . • o . e o  119
O r i g i n  o f  A l b i t e  V e i n s  ......................................
O r i g i n  o f  A m p h i b o l i t e s ..................... . . . . . .  1 3 4
AGE OF T H E  A N O R T H O S I T E S ........................................... 1 40
C O N C L U S I O N S ........................................ ....................141
A P P E N D I X   ..............................................  . o o . . 143
M o d a l  A n a l y s e s  ................................ . . . . . .  143
O p t i c a l  D e t e r m i n a t i o n s  o f  P l a g i o c l a s e  C o m p o s i t i o n . 143
P r e p a r a t i o n  o f  P l a g i o c l a s e  f o r  C h e m i c a l  A n a l y s i s  . 145
S e p a r a t i o n  o f  P e r t h i t e  f r o m  P l a g i o c l a s e  . . . . • 147
X - R a y  D i f f r a c t i o n  E x a m i n a t i o n  o f  t h e  F e l d s p a r s  . . 149
X - R a y  E m i s s i o n  S p e c t r o s c o p y  . . . . . . . . . . .  150
F l a m e  P h o t o m e t r y  . . .  . . . . . . . . . . . . .  .
R E F E R E N C E S  C I T E D  . . . . . . . . . . . . . . .  . . .  . 154
L I S T  OF ILLUSTRATIONS 
L i s t  o f  F i g u r e s
F i g u r e  P a g e
1 .  I n d e x  m a p  o f  Mo n t a n a  a n d  m a p  c o v e r i n g  a  p o r t i o n
o f  t h e  B i t t e r r o o t  R a n g e  • • © <> o o o © « o o o <>
2 .  G e n e r a l i z e d  g e o l o g i c  m a p  s h o w i n g  d i s t r i b u t i o n  o f  
A N O R T H O S I T  E S I N  THE B I T T E R R O O T  R A N G E ,  R A V A L L I
C o . ,  Mo n t ....................................... .........................................................................................
3 A .  S t e r e o g r a p h i c  p o i n t  d i a g r a m  o f  f o l i a t i o n  a n d
F O L D  A X E S  I N  THE S I L L I M A N I T E  G N E I S S  . . © © © • ©  11
3 B .  S t e r e o g r a p h i c  p o i n t  d i a g r a m  o f  f o l i a t i o n  i n  t h e
A N O R T H O S I T E  ................................. © ..........................  © © © © © © ©  11
S t r u c t u r e  s e c t i o n  o f  K o o t e n a i  C r e e k  C a n y o n  an d
Ba s s  C r e e k  C a n y o n .......................... © ......................................© © © »
5© F i e l d  r e l a t i o n s  o f  a m p h i b o l i t e .......................................© © .
6 .  C o n t a c t  r e l a t i o n s  b e t w e e n  a n o r t h o s i t e  a n d  t o n a l i t e  ^6
7© S p e c i m e n  l o c a t i o n  m a p  o f  B i g  C r e e k  C a n y o n  . © © .
8 .  S c h e m a t i c  s k e t c h  s h o w i n g  r e l a t i o n  b e t w e e n  q u a r t z  
M O N Z O N I T I C  G N E I S S  AND A N O R T H O S I T E  I N  B ASS C R E E K  
C a n y o n  • • • • © o • o • o <> o o • <> • o o © © o •
9© C o n t a c t s  b e t w e e n  a n o r t h o s i t e  a n d  q u a r t z
M O N Z O N I T I C  G N E I S S  « • o o o © © o o o © o o o o o
10© S k e t c h  o f  a n o r t h o s i t e  s p e c i m e n  # 8 7 5  © . © © © © ©
1 1 .  A l k a l i  f e l d s p a r  s o l v u s  f o r  o r t h o c l a s e
c r y p t o p e r t h  i t e ................................. © © © © © . . © © © © © 96
1 2 .  C o m p a r i s o n  b e t w e e n  a n o r t h i t e  c o n t e n t  o f  
p l a g i o c l a s e s  d e t e r m i n e d  o p t i c a l l y  a n d  t h a t
D E T E R M I N E D  C H E M I C A L L Y  © . © © © © • . © © © © • ©  1 0 5
13© P l o t  o f  f e l d s p a r  c o m p o s i t i o n s  o n  A b - A n - O r d i a g r a m © 1 0 6
1 ^ ©  P l o t  o f  2 9  ( 1 3 1 )  -  2 9  ( 1 5 1 )  v e r s u s  a n o r t h i t e
C O N T E N T  OF P L A G I O C L A S E  . . © ................................  111
-  I V -
L I S T  OF I L L US T R A T I ON S
L i s t  o f  P l a t e s
P l a t e  P a g e
1 .  S p e c i m e n  l o c a t i o n  m a p , Ba s s  C r e e k  a r e a , Ra v a l l i
C o u n t y , Mo n t a n a  « o « o o o » ® « « o o o « o <» I n P o c k e t
2 .  A V E R T I C A L  P R OJ E C T I O N  OF A NOR T H OS I T E S  AND 
SURROUNDI NG G N E I S S E S  EXPOSED I N BASS CREEK CANYON,
Ra v a l l i  C o u n t y , Mo n t a n a  o • • «> o o <> <> • o o • I n P o c k e t
3 .  P h o t o m i c r o g r a p h s  o f  t h i n  s e c t i o n s  . ,  « 0 <> . . .  • 18
4 ,  F i g u r e  1 .  A m p h i b o l i t e  p o d  w i t h i n  s i l l i m a n i t e  g n e i s s  41
F i g u r e  2 .  T y p i c a l  m i x t u r e  o f  a n o r t h o s i t e  a n d  q u a r t z  
M O N Z O N I T I C  G N E I S S  ® ® • • « ® o o ® • ® o
5 .  F i g u r e  1 .  E x p o s u r e  o f  s m a l l  a n o r t h o s i t e  a n d  q u a r t z
M O N Z O N I T I C  G N E I S S  IN C I RQUE EAST OF
L a p p i  L a k e  ° • ® • • • • • ® ® 0  ® • • •
F i g u r e  2 .  E x p o s u r e  o f  s m a l l  a n o r t h o s i t e  i n  Ba s s
C r e e k  C a n y o n  o o o » ® « o o o o o o o o
6 .  E x p o s u r e  o f  a n o r t h o s i t e  a n d  q u a r t z  m o n z o n i t i c
GN E I S S  SURROUNDED BY S I L L I M A N I T E  G N E I S S  • • • ® o « 56
- V -
T a b l e  
1 .
2 .
3 .
k.
5 .
6 .
7 .
8 .
9 .
1 0 .
11 . 
1 2 . 
1 3 .
1*K
1 5 .
L I S T  OF T A B L E S
P a g e
Mo d a l  a n a l y s e s  o f  s i l l i m a n i t e  g n e i s s  s p e c i m e n s  © <> 20
Mo d a l  a n a l y s e s  o f  s i l l i m a n i t e  g n e i s s  s p e c i m e n s
AS REPORTED BY ANDERSON 0 © . o . © © © o . o © o
C h e m i c a l  a n a l y s e s  o f  r o c k s  f r o m  t h e  B i t t e r r o o t  
R a n g e  .  o .  © o o e o o • o o o .  o o © .  © o © ©
Mo l e c u l a r  n o r m s  o f  r o c k s  f r o m  t h e  B i t t e r r o o t  
R a n g e  .  .  .  . .  « o  o o o ©  # o o o o © o o o o  o
Mo d a l  a n a l y s e s  o f  q u a r t z  m o n z o n i t i c  a n d
GRANODI  OR I T I C  S P E C I M E N S ........................... ©  © ©
Mo d a l  a n a l y s e s  o f  p a r t i a l l y  g r a n i t i z e d  s e d i m e n t s
AS REPORTED BY ANDERSON © . © © • © © © © © • © ©  3^
M o d a l  a n a l y s e s  o f  s p e c i m e n s  o f  a m p h i b o l i t e  p o d s  
OCCURRI NG W I T H I N  THE A N O R T H OS I T E S  . © © © © © © ©  37
Mo d a l  a n a l y s e s  o f  s p e c i m e n s  o f  a m p h i b o l i t e  p o d s
OCCURRI NG W I T H I N  THE S I L L I M A N I T E  G N E I S S  © © © © ©
Mo d a l  a n a l y s e s  o f  s p e c i m e n s  f r o m  s e q u e n c e
LOCATED I N PL A T E  6 o o o © © © o © o © © o o o o © 32
M o d a l  a n a l y s e s  o f  a n o r t h o s i t i c  s p e c i m e n s  © © © © © 67
M o d a l  a n a l y s e s  o f  t o n a l i t i c  s p e c i m e n s  . « © © © ©  86
C o m p o s i t i o n  a n d  s y m m e t r y  o f  p e r t h i t e  . © © © © © ©  93
P a r t i a l  c h e m i c a l  a n a l y s e s  o f  p l a g i o c l a s e
FROM A N OR T H OS I T E S  o o o o © « o o o « o o o © o o  9 ^
A N OR T H I T E  CONTENT AND 2 0  ( 1 3 1 )  ~ 2 0  ( 1 * 3 1 )  OF 
P L A G I O C L A S E  FROM A N OR T H OS I T E S  . © © © © © © © © © 1 0 2
A N OR T H I T E  CONTENT AND 2 0  ( 1 3 1  ) -  2 0  (1*31 ) OF 
P L A G I O C L A S E  FROM G N E I S S E S  AND A M P H I B O L I T E  © © © . 1 0 9
- V  I -
T a b l e P a g e
1 6 .  C h e m i c a l  a n a l y s e s  o f  r o c k s  f r o m  t h e  B i t t e r r o o t  
R a n g e ,  a r g i l l i t e s  f r o m  t h e  B e l t  S u p e r g r o u p , a n d
A S H A L E  P A R T I A L L Y  M E L T E D  B Y  W l N K L E R  A N D  V O N  P L A T E N .  1 2 3
1 7 .  M o d a l  c o m p o s i t i o n s  o f  r o c k s  f r o m  t h e  B i t t e r r o o t  
R a n g e  a n d  t h o s e  p r o d u c e d  b y  t h e  u l t r a m e t a m o r p h i s m
O F  S H A L E S  A T  8 1 0 °  C B Y  W l N K L E R  A N D  V O N  P L A T E N  0 .  1 2 ^
1 8 .  M o d e s  a n d  m o l e c u l a r  n o r m s  o f  s p e c i m e n s  # 8 7 5 »
# 7 7 2 ,  A N D  # 8 9 2  o o • • • • 0 o o o o o o o o o o « 1 ^  ~(
1 9 .  R e s u l t s  o f  p a r t i a l  m e l t i n g  o f  s h a l e s  b y  W i n k l e r
A N D V O N P L A T E N  o O O O O • • O O O O O O O O O O O 1 2 9
2 0 .  M o d a l  c o m p o s i t i o n  o f  t o n a l i t e  a n d  r e s i d u u m
P R O D U C E D  E X P E R I M E N T A L L Y  B Y  W l N K L E R  A N D  V O N  P L A T E N .  1 3 3
2 1 .  E s t i m a t e d  c h e m i c a l  c o m p o s i t i o n  o f  a m p h i b o l i t e
A N D  T O N A L I T E  A N D  G A B B R O  A N A L Y S I S  .  .  o o o o o .  .  1 3 6
2 2 .  W e i g h t e d  a v e r a g e  m o d e  f o r  s p e c i m e n s  # 5 5  a n d  # 5 6  .  1 3 8
A B S T R A C T
A n o r t h o s i t e  b o d i e s  r a n g i n g  i n  o u t c r o p  a r e a  f r o m  l e s s
T HA N T E N  SQUA RE F E E T  TO MORE T H A N  ONE S Q UA R E  M I L E  OCCUR I N 
THE M E T A M O R P H I C  T E R R A I N  B O R D E R I N G  THE I D A H O  B A T H O L I T H  ON THE
E A S T .  T h e  m a j o r i t y  o c c u r  w i t h i n  a n i n e  s q u a r e  m i l e  a r e a  c u t  
b y  Ba s s  C r e e k  C a n y o n .  A l l  o f  t h e  a n o r t h o s i t e s  o c c u r  c o n c o r -
D A N T L Y  W I T H I N  A Q U A R T Z O - F E L D S P A T H  I C G N E I S S  C O N T A I N I N G  A FEW 
PER CENT  OF S I L L I M A N I T E  AND D E S I G N A T E D  AS T H E  S I L L I M A N I T E  
G N E I S S .
I n a d d i t i o n  t o  t h e  a n o r t h o s i t e s , t h e r e  a r e  n u m e r o u s
Q U A R T Z  MONZON I T I C  AND SOME T O N A L I T I C  PODS W I T H I N  T H E  S I L L I ­
M A N I T E  G N E I S S .  T h e  m a j o r i t y  o f  t h e  o b s e r v e d  a n o r t h o s i t e -  
Q U A R T Z  M O N Z O N I T I C  G N E I S S  C O N T A C T S  ARE S H A R P  AND I R R E G U L A R .
T h e r e  i s  a n  a b u n d a n c e  o f  q u a r t z  m o n z o n i t i c  g n e i s s  m i x e d  i n
W I T H  THE A N O R T H O S I T E S .  P O R T I O N S  OF THE A N O R T H O S I T I C  B O D I E S  
ARE T O N A L I T I C ,  AND THE A N O R T H O S I T E - T O N A L  I TE C O N T A C T S  ARE 
G R A D A T I O N A L .  PODS OF A M P H I B O L I T E  A C C O M P A N I E D  BY T O N A L I T I C  
S E G R E G A T I O N S  OCCUR W I T H I N  THE S I L L I M A N I T E  G N E I S S ,  AND 
A M P H I B O L I T I C  L A Y E R S  ARE FOUND W I T H I N  THE L A R G E R  A N O R T H O S I T E S .  
M l A R O L I T I C  A L B I T E  V E I N S  ARE A B U N D A N T  I N  THE L A R G E S T  A N O R T H O ­
S I T E  WH I C H  I S  E X P O S E D  I N  B ASS C R E E K  C A N Y O N .
A n  a v e r a g e  a n o r t h o s i t e  s p e c i m e n  C O N S I S T S  OF 3 % Q U A R T Z ,  
9 3 % l a b r a d o r i t e ,  2% B I O T I T E ,  a n d  2 % c h l o r i t e  ( f r o m  t h e  a l t e r ­
a t i o n  o f  b i o t i t e ) .  T h e  c o m p o s i t i o n a l  r a n g e  o f  p l a g i o c l a s e
- V  I I I -
-  I X -
W I T H I N  A G I V E N  S P E C I M E N  OF A N O R T H O S I T E  I S  G R E A T ,  F R O M A N ^ y  
TO A Ng c ;  F OR  I N S T A N C E ,  A N D  Z O N I N G  I S  I N  MOS T  C A S E S  P R O N O U N C E D  
A N D  N O R M A L  OR N O R M A L  O S C I L L A T O R Y ,  T H E  T H E R M A L  S T A T E  OF 
P L A G I O C L A S E  F ROM B O T H  A N O R T H O S I T  ES A N D  S U R R O U N D I N G  G N E I S S E S  
I S  T Y P I C A L  OF T H A T  F OR  M E T A M O R P H I C  R O C K S ,  P O T A S H  F E L D S P A R  
F O U N D  I N  T H E  Q U A R T Z  M O N Z O N I T I C  G N E I S S  A N D  S I L  L I  MAN I T  E G N E I S S  
I S  G E N E R A L L Y  M O N O C L I N I C  A N D  P E R T H I T I C ,
A n A N A T E C T I C  O R I G I N  I S  P R O P O S E D  F O R  T H E  A N O R T H O S I T E S ®
M e t a m o r p h i s m  o f  s h a l e s  o f  t h e  B e l t  S u p e r g r o u p , p o s s i b l y  t h e  
P r i c h a r d  F o r m a t i o n ,  p r o d u c e d  t h e  s i l l i m a n i t e  g n e i s s . F u r t h e r
T H E R M A L  M E T A M O R P H I S M  R E S U L T E D  I N  T H E  P A R T I A L  M E L T I N G  OF T H I S  
U N I T  W I T H  T H E  C O N S E Q U E N T  F O R M A T I O N  OF A Q U A R T Z  M O N Z O N I T I C  
M E L T  A N D  AN A N O R T H O S I T I C  R E S I D U U M .  T H E  Q U A R T Z  M O N Z O N I T I C  
M A T E R I A L  WAS E X P E L L E D  F ROM T H E  A N O R T H O S I T I C  R E S I D U U M  A N D  I S  
NOW F O U N D  I N  T H E  Q U A R T Z  M O N Z O N I T I C  B O D I E S  L O C A T E D  A D J A C E N T  
TO MOST  OF T H E  A N 0 R T H O S I T E S o  P A R T I A L  M E L T I N G  OF A S H A L E  A T  
L OWE R  T E M P E R A T U R E S  OR OF M A T E R I A L  OF MORE A C I D I C  C O M P O S I T I O N  
WAS R E S P O N S I B L E  F OR T H E  F O R M A T I O N  OF T H E  T O N A L I T I C  P O D S  
W I T H I N  T H E  S I L L I M A N I T E  G N E I S S  A N D  A N O R T H O S I T E ®  T H E S E  T O N A L -  
I T E S  R E P R E S E N T  T H E  R E S I D U U M  OF T H I S  P R O C E S S .  A L B I T E  V E I N S  
W I T H I N  T H E  A N O R T H O S I T E S  A R E  T H O U G H T  TO BE T H E  R E S U L T  OF L A T E  
R E M O B I L I Z A T I O N  OF A L B I T E  F ROM T H E  S U R R O U N D I N G  P L A G I O C L A S E  •
1 N T R O D U C T ! ON 
P u r p o s e  o f  I n v e s t i g a t i o n
T h e  m a i n  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  i s  t o  d e t e r m i n e
T H E  O R I G I N  OF A N O R T H O S I T E  B O D I E S  L O C A T E D  I N  T H E  B I T T E R R O O T
R a n g e  o f  w e s t e r n  Mo n t a n a * T h e s e  a n o r t h o s i t e s  a r e  d i s s i m i l a r
F ROM MO S T  OF T H O S E  D E S C R I B E D  I N  T H E  L I T E R A T U R E .  A N Y  L I G H T  
S H E D  ON T H E I R  O R I G I N  W I L L  A L S O  BE OF H E L P  I N  E X P L A I N I N G  T H E  
O R I G I N  OF T H E  S U R R O U N D I N G  M E T A M O R P H I C  R O C K S  A D J A C E N T  T O T H E
I d a h o  b a t h o l i t h  i n  t h i s  a r e a .  I t  i s  h o p e d  t h a t  t h e  d a t a
A C C U M U L A T E D  I N  T H I S  S T U D Y  W I L L  BE OF  H E L P  TO F U T U R E  W O R K E R S
i n  t h e  B i t t e r r o o t  R a n g e .
L o c a t i o n  a n d  a c c e s s i b i l i t y  
T h e  a n o r t h o s i t e  b o d i e s  o c c u r  i n  t h e  B i t t e r r o o t  R a n g e
OF W E S T E R N  M O N T A N A  A B O U T  3 0  M I L E S  S O U T H  OF M I S S O U L A ,  MO N T  «
( F i g u r e  1 ) .  T h e  m a j o r i t y  o f  t h e s e  a n o r t h o s i t e s  o c c u r  i n  a
N I N E  S Q U A R E  M I L E  A R E A  E N C O M P A S S I N G  A P O R T I O N  OF T H E  B A S S  A N D
K o o t e n a i  C r e e k  d r a i n a g e s  ( F i g u r e  2 ) .  A n o t h e r  a n o r t h o s i t e
B OD Y  I S  E X P O S E D  S I X  M I L E S  TO T H E  S O U T H W E S T  OF T H I S  A R E A  I N
t h e  B i g  C r e e k  d r a i n a g e .
W e l l  m a i n t a i n e d  U . S .  F o r e s t  S e r v i c e  t r a i l s  e x t e n d  u p  
Ba s s , K o o t e n a i ,  a n d  B i g  C r e e k s  f r o m  t h e  f r o n t  o f  t h e  m o u n t a i n  
r a n g e .  T h e s e  t r a i l s  m a y  b e  r e a c h e d  b y  d r i v i n g  t o  t h e  c a n y o n
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F i g u r e  1 .  I n d e x  m a p  o f  Mo n t a n a  a n d  m a p  c o v e r i n g  a  p o r t i o n  
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F i g u r e  2 .  G e n e r a l i z e d  g e o l o g i c  m a p  s h o w i n g  d i s t r i b u t i o n  o f
A N O R T H O S I T E S  I N  THE B I T T E R R O O T  R A N G E ,  R A V A L L I  C O . ,  M O N T , 
S t r u c t u r e  s e c t i o n  a l o n g  A -  A ’ s h o w n  i n  F i g u r e  ^  A .  Ma p  
m o d i f i e d  f r o m  G r o f f ,  1 9 5 ^ ;  A n d e r s o n ,  1 9 5 9 ;  C h a s e ,  1 9 6 0 ;  a n d  
C h a s e ,  p e r s o n a l  c o m m u n i c a t i o n ,  1 9 6 ^ .
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T R A I L S ,  T H E R E  I S A T R A I L  TO THE TOP OF S T 0 M A R Y f S P E A K ,  
L O C A T E D  BE T WE E N B l G  C R E E K  AND K O O T E N A I  C R E E K ®  T H E  R E L I E F  I N 
THE ARE A  I S  S L I G H T L Y  I N  E X C E S S  OF 5 * 0 0 0  F E E T ®  A L L  OF THE 
A RE A I S  W I T H I N  T H R E E  M I L E S  OF A T R A I L  ( H O R I Z O N T A L  D I S T A N C E ) ®
P r e v i o u s  Wo r k  i n  t h e  A r e a
P r e v i o u s  w o r k  i n  t h e  a r e a  m a y  b e  d i v i d e d  i n t o  r e c o n ­
n a i s s a n c e  S T U D I E S  BY E A R L Y  G E O L O G I S T S  AND MORE R E C E N T  
D E T A I L E D  S T U D I E S  BY S T U D E N T S  AND S T A F F  AT MONT A NA S T A T E  U N I ­
V E R S I T Y ,  M i s s o u l a ® L i n d g r e n  ( 1 9 0 * 0  c o v e r e d  a n  e x t e n s i v e  a r e a  
o f  t h e  I d a h o  b a t h o l i t h  a n d  s u r r o u n d i n g  r o c k s , w h i c h  i n c l u d e s  
t h e  B i t t e r r o o t  R a n g e ® A t  a l a t e r  d a t e  L a n g t o n  ( 1 9 3 5 )  m a p p e d
THE GEOLOGY OF THE N ORT HE RN B I T T E R R O O T  R A N G E ,  C O V E R I N G  AN 
AREA E X T E N D I N G  FROM L O L O ,  M O N T ® ,  ON THE NORTH TO V I C T O R ,
Mo n t . ,  o n  t h e  s o u t h  ( F i g u r e  1 ) ®  R o s s  ( 1 9 5 0 )  h a s  m a p p e d  t h e
GEOLOGY OF THE H A M I L T O N  Q U A D R A N G L E ,  WH I C H  E X T E N D S  FROM S I X  
M I L E S  NORTH OF V I C T O R ,  M O N T ® ,  TO 1\  M I L E S  SOUT H OF D A R B Y ,
Mo n t  .
G r o f f  ( 1 9 5 * 0  d e s c r i b e d  a  s u i t e  o f  s p e c i m e n s  f r o m  t h e  
K o o t e n a i  a n d  Ba s s  C r e e k  d r a i n a g e s  a n d  a l s o  d e s c r i b e d  o u t c r o p s  
a r o u n d  B i g  C r e e k  L a k e ® A n d e r s o n  ( 1 9 5 9 )  s t u d i e d  t h e  Ba s s  
C r e e k  a r e a  i n  c o n s i d e r a b l e  d e t a i l  a n d  d i d  m u c h  t o  d e l i n e a t e
THE E X T E N T  OF THE A N O R T H O S I T E  B O D I E S  L O C A T E D  T H E R E ® C H A S E  
( 1 9 6 1 )  HAS C O M P L E T E D  A S I M I L A R  S T U D Y  OF THE S WE A T H O U S E  C R E E K  
D R A I N A G E .  P R O F E S S O R  J® P® WE HRE NB ERG OF THE D E P A R T M E N T  OF
G e o l o g y  a t  Mo n t a n a  S t a t e  U n i v e r s i t y  h a s  m a p p e d  t h e  g e o l o g y  o f
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T H E  A R E A  B O U N D E D  ON T H E  N O R T H  BY L O L O  C R E E K  A N D  ON T H E  S O U T H
b y  C a r l t o n  C r e e k  a n d  e x t e n d i n g  a l o n g  t h e  B i t t e r r o o t  R a n g e .
I n  a d d i t i o n  t h e  a u t h o r  s p e n t  o n e  s u m m e r  m a p p i n g  t h e  g e o l o g y  
o f  t h e  B i g C r e e k  a r e a .
N a t u r e  o f  t h e  P r e s e n t  I n v e s t i g a t i o n  
T h e  s u m m e r  o f  1962 a n d  a b o u t  h a l f  o f  t h e  s u m m e r  o f  1963
WERE S P E N T  I N  T H E  B I T T E R R O O T  R A N G E  O B S E R V I N G  T H E  F I E L D  R E L A ­
T I O N S  OF T H E  A N O R T H O S I T E  B O D I E S  A N D  S A M P L I N G  T H E M  A N D  S U R ­
R O U N D I N G  G N E I S S E S .  P a r t  o f  t h e  t i m e  w a s  s p e n t  i n  M A K I N G  
T R A V E R S E S  UP N U M E R O U S  C A N Y O N S  L O C A T E D  B E T W E E N  L O S T  H O R S E  
C a n y o n  o n  t h e  s o u t h  ( 1 1  m i l e s  s o u t h  o f  H a m i l t o n , Mo n t . )  a n d  
L o l o  C r e e k  o n  t h e  n o r t h .  T h e  r e m a i n d e r  o f  t h e  f i e l d  w o r k  
C O N S I S T E D  OF MORE D E T A I L E D  S T U D Y  OF R O C K S  E X P O S E D  I N  T H E  B l G  
C r e e k ,  K o o t e n a i  C r e e k , B a s s  C r e e k ,  a n d  S w e e n e y  C r e e k  d r a i n ­
a g e s  ( P l a t e  1 ,  a n d  F i g u r e  8 ) .  A d e t a i l e d  s t u d y  o f  t h e  a r e a  
i n  B a s s  C r e e k  C a n y o n  s h o w n  i n  P l a t e  2  w a s  m a d e .
L a b o r a t o r y  w o r k  c o n s i s t e d  o f  t h e  d e t e r m i n a t i o n  o f  t h e
M I N E R A L O G Y  OF A R E P R E S E N T A T I V E  S U I T E  C H O S E N  F ROM 8 9 0  
C O L L E C T E D  S P E C I M E N S .  T H E  L A B O R A T O R Y  WORK C O N S I S T E D  M A I N L Y  
OF T HE  F O L L O W I N G  P H A S E S .
1 )  E x a m i n a t i o n  o f  t h i n  s e c t i o n s  a n d  d e t e r m i n a t i o n  o f
T H E  P L A G I O C L A S E  C O M P O S I T I O N  BY M E A N S  OF E X T I N C T I O N  
A N G L E S  W I T H  T H E  A I D  OF T H E  F O U R  A X I S  U N I V E R S A L  
S T A G E .
2 )  X - R A Y  D I F F R A C T I O N  WORK W I T H  T H E  F E L D S P A R S  S E P A R A T E D  
F ROM T H E  S I L L I M A N I T E  G N E I S S ,  Q U A R T Z  M O N Z O N I T I C -  
G N E I S S ,  AND A N O R T H O S I T  E •
3 )  C h e m i c a l  a n a l y s i s  o f  p l a g i o c l a s e  f r o m  t h e  a n o r t h o -  
S I T E S  F O R  N A 2 O 9 C a O ,  A N D  ^ 0 .
B e c a u s e  o f  t h e  w i d e  v a r i a t i o n  i n  s c a l e  o f  s a m p l i n g
I N V O L V E D  I N  T H E  I N V E S T I G A T I O N ,  I T  WAS N E C E S S A R Y  T O U S E  B A S E  
M A P S  OF W I D E L Y  V A R Y I N G  S C A L E .  E N L A R G E D  A E R I A L  P H O T O G R A P H S  
WERE U S E D  F OR  T H E  L A R G E R  A R E A S  C O V E R E D ,  S U C H  AS  T H E  B A S S
C r e e k  a r e a  a n d  t h e  B i g  C r e e k  a r e a .  F o r  t h e  a r e a  i n  B a s s  
C r e e k  C a n y o n  t h a t  w a s  s a m p l e d  i n  d e t a i l ,  a n d  f o r  s e v e r a l
S M A L L E R  A R E A S  T H A T  WERE S A M P L E D  I N  E V E N  G R E A T E R  D E T A I L ,  
P H O T O G R A P H S  OF T H E  O U T C R O P  A R E A S  WE RE  U S E D  A S  B A S E  M A P S .
A c k n o w l e d g m e n t s
T h e  h e l p f u l  s u g g e s t i o n s  o f  Dr . J .  P .  W e h r e n b e r g  a n d  
Dr . J .  H o w e r  w e r e  a p p r e c i a t e d  a s  w e r e  a l s o  s u g g e s t i o n s  f r o m
O T H E R  M E M B E R S  OF T H E  S T A F F  OF T H E  G E O L O G Y  D E P A R T M E N T  A T
M o n t a n a  S t a t e  U n i v e r s i t y .  N u m e r o u s  c o n v e r s a t i o n s  w i t h  
R .  B .  C h a s e  c o n c e r n i n g  h i s  f i e l d  o b s e r v a t i o n s  i n  t h e  B i t t e r  
r o o t  R a n g e  w e r e  v e r y  h e l p f u l .  C h e m i c a l  a n a l y s e s  o f  t h r e e
S P E C I M E N S  WERE F I N A N C E D  BY T H E  G E O L O G Y  D E P A R T M E N T ,  M O N T A N A
S t a t e  U n i v e r s i t y .  T h e  c r i t i c i s m s  o f  D r s .  F .  S .  H o n k a l a ,
A .  J .  S i l v e r m a n , a n d  E .  C .  L o r y  d u r i n g  t h e  f i n a l  s t a g e s  o f
WORK WERE A P P R E C I A T E D .
R E G I O N A L  GEOLOGY
T h e  a n o r t h o s i t e  b o d i e s  o c c u r  i n  m e t a m o r p h i c  t e r r a i n
L O C A T E D  A D J A C E N T  TO T H E  E A S T  S I D E  OF T H E  I D A H O  B A T H O L I T H
( F i g u r e  2 ) .  O v e r  e i g h t y  p e r  c e n t  o f  t h e  I d a h o  b a t h o l i t h  i s
C O M P O S E D  OF Q U A R T Z  M O N Z O N I T E  AND G R A N O D I  OR I T E  A C C O R D I N G  TO 
AN E S T I M A T E  MA D E  B Y  L A R S E N ,  E_r A_L.  ( 1 9 5 8 ,  P .  4 0  ) .  R O S S  I N D I ­
C A T E S  T H A T  T H E  R O C K S  I N  T H E  N O R T H E A S T E R N  P O R T I O N  OF T H E  B A T H ­
O L I T H  A R E  MORE S I L I C I C  T H A N  T H E  A V E R A G E  ( P E R S O N A L  C O M M U N I C A ­
T I O N ,  1 9 6 4 ) .  L a r s e n ,  e t  a l .  ( 1 9 5 8 ,  p . 5 1 )  h a v e  m a d e  n u m e r o u s
AGE  D E T E R M I N A T I O N S  OF S A M P L E S  F R O M T H E  B A T H O L I T H  A N D  G I V E  AN 
AGE  OF 1 0 8  P L U S  OR M I N U S  12 M Y .  F OR  T H E  R O C K S .  Y O U N G E R  A G E S  
H A V E  B E E N  R E P O R T E D  F OR R O C K S  T H O U G H T  T O BE R E L A T E D  TO T H E
B A T H O L I T H  B U T  W H I C H  C R O P  OUT  E A S T  OF I T .  C H A P M A N ,  ET A L  .
( 1 9 5 5  * P .  6 0 8 )  U S I N G  T H E  L E A D  A L P H A  M E T H O D  D E T E R M I N E D  T H E  A GE  
OF S A M P L E S  OF Q U A R T Z  M O N Z O N I T E  F ROM L O S T  H O R S E  C R E E K  N E A R
H a m i l t o n ,  M o n t . ,  a n d  f o u n d  t h e  a g e s  t o  r a n g e  f r o m  51  t o  5 4  
m y .  L a r s e n  a n d  S c h m i d t  ( 1 9 5 8 ,  p .  1 8 ) g i v e  a n  a g e  o f  5 7  m y .
F OR  A N O T H E R  S A M P L E  F R O M L O S T  H O R S E  C R E E K .  T H E  A GE  OF A 
P E G M A T I T E  F ROM B A S S  C R E E K  C A N Y O N  WAS D E T E R M I N E D  BY H A Y D E N  
AND W E H R E N B E R G  ( 1 9 6 0 ,  P .  9 6 )  BY T H E  A R ^ O - K ^ O  M E T H O D  A N D  WAS 
F O U N D  TO BE 3 9 * 9  M Y .  H A Y D E N  A N D  W E H R E N B E R G  D E S C R I B E  T H E  
A N A L Y Z E D  ROCK AS  A " V E R Y  C O A R S E - G R A I N E D  B I 0  T I T E - 0  L  I GOC L A S E -  
Q U A R T Z  P E G M A T I T E . ”  H U R L E Y ,  EJ_ AJ_ .  ( 1 9 6 2 )  H A V E  F O U N D  T H A T
A R G ON  L O S S  F ROM M I C A S  CAN O C C U R  A T  T E M P E R A T U R E S  OF A B O U T
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1 0 0 °  C .  I N  ROCKS B U R I E D  AT D E P T H S  ME A S U RE D  I N  T H O U S A N D S  OF 
f e e t #  B e c a u s e  o f  t h i s  l o s s  o f  a r g o n  a t  l o w  t e m p e r a t u r e s ,  a n
A r ^ O - K ^ O  AGE D E T E R M I N A T I O N  MAY I N D I C A T E  THE T I M E  OF L A S T  
MAJ OR U P L I F T  AND E R O S I O N  OF THE ROCKS I N S T E A D  OF THE L A S T  
M E T A M O R P H I S M  WH I C H  THE ROCKS HAVE U NDE RGONE#  T H U S  THE AGE 
OF 3 9 . 9  M Y .  FOR THE P E G M A T I T E  FROM THE B I T T E R R O O T  RANGE MAY 
I N D I C A T E  E I T H E R  M E T A M O R P H I S M  C O N S I D E R A B L Y  L A T E R  T HAN THE 
T I M E  OF F O R M A T I O N  OF THE I D A H O B A T H O L I T H  OR U P L I F T  AND 
E R O S I O N  OF T H E S E  ROCKS 4 0  M Y .  A G O .
AN AREA COMPOSED OF M I X E D  G N E I S S E S  I S  SHOWN I N  F I G U R E  
2 WH I C H  COVE RS THE NORT HERN P O R T I O N  OF THE B I T T E R R O O T  RANGE#
T h e  m o s t  a b u n d a n t  g n e i s s  i n  t h e  a r e a  c o n t a i n s  q u a r t z ,
B I O T I T E ,  O L I G O C L A S E ,  P E R T H I T E ,  M U S C O V I T E ,  AND S I L L I M A N I T E #  
T h e  S I L L I M A N I T E  G N E I S S ,  AS THE U N I T  I S  U S U A L L Y  C A L L E D ,  HAS  
BEEN I N T E N S E L Y  S H E A R E D ;  AND THE MORE S C H I S T O S E  L A Y E R S  CON­
T A I N  MANY S M A L L  F O L D S #  W I T H I N  THE S I L L I M A N I T E  G N E I S S  T HERE  
ARE MANY QU A R T Z  M O N Z O N I T I C  ZONES WH I C H  RANGE I N S H A P E  FROM 
L A Y E R S  T H A T  ARE CONCORDA NT  TO THE S U R R O U N D I N G  G N E I S S  TO 
I R R E G U L A R  B O D I E S .  T H E S E  Q U A R T Z  M O N Z O N I T I C  ZONES HAVE BEEN  
I N T E R P R E T E D  AS P A R T I A L L Y  G R A N I T I Z E D  S E D I M E N T S  BY A N DE RS ON  
( 1 9 5 9 ) ®  T o n a l i t e s  AND A N O R T H O S I T E S  ARE A L S O  F OUND W I T H I N  
THE S I L L I M A N I T E  G N E I S S  I N  SOMEWHAT S I M I L A R  MODES OF O C C U R ­
R E N C E .  A M P H I B O L I T E  PODS AND L E N S E S  OCCUR I N  THE S I L L I M A N I T E  
G N E I S S  AND I N THE A N O R T H O S I T E S .
M i x e d  i n  w i t h  t h e  s i l l i m a n i t e  g n e i s s  a n d  o c c u r r i n g  t o
THE WEST OF THE U N I T  I S  A P T Y G M A T I C A L L Y  F O L D E D  G N E I S S
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C O N T A I N I N G  Q U A R T Z ,  P E RT H I T E ,  P L A G I O C L A S E , M U S C O V I T E ,  AND
b i o t i t e  ( A n d e r s o n , 1 9 5 9 ,  p . 3 1 ) *  I t  a p p e a r s  t h a t  t h e  u n i t
HAS BEEN F OL DE D  I N A MUCH MORE P L A S T I C  MANNER T HAN THE S I L -  
L I MAN I T E  G N E I S S .
T h e  s o - c a l l e d  f r o n t a l  z o n e  g n e i s s  i s  a p r o m i n e n t  u n i t
AL ONG THE F RONT  OF THE B I T T E R R O O T  RANGE ( F I G U R E  2 ) .  I T  I S  A 
WEL L  F O L I A T E D  C A T A C L A S T I C  G N E I S S  C O N T A I N I N G  A B U N D A N T  F E L D S P A R  
AUGEN I N  MANY L O C A T I O N S .  T H E  U N I T  D I P S  U N I F O R M L Y  TO THE EA S T  
AND E X H I B I T S  C O M P O S I T I O N A L  L A Y E R I N G .
C h a s e  ( 1 961 ,  p .  1 2 )  d e s c r i b e s  a q u a r t z i t i c  g n e i s s
FOUND TO THE E A S T ,  A D J A C E N T  TO THE F R O N T A L  ZONE G N E I S S ,  AS A 
G R A N U L A T E D  AND M E T A S O M A T I  ZED Q U A R T Z - F E L D S P A R  R O C K .  T H I S  
SAME U N I T  WAS MAPPED AS W A L L A C E  L I M E S T O N E  OF THE B E L T  S U P E R ­
GROUP BY ROSS ( 1 9 5 0 )  .  S E M I - C O N S O L  I D A T E D  S E D I M E N T S  OF
T e r t i a r y  a g e  o c c u r  a l o n g  b o t h  s i d e s  o f  t h e  B i t t e r r o o t  V a l l e y  
AT  LOW E L E V A T I O N S  ( MC M U R T R E Y ,  ET A L . ,  1 9 5 9 ,  P .  1 0 ) .  V O L ­
C A N I C  ROCKS OF I N T E R M E D I A T E  TO S I L I C I C  C O M P O S I T I O N  AND 
P R O B A B L Y  OF M I O C E N E  AGE CROP OUT ON THE E A S T E R N  S I D E  OF THE 
V A L L E Y  NEAR H A M I L T O N  ( R O S S ,  1 9 5 0 ,  P L A T E  4 ) .  THE B I T T E R R O O T
V a l l e y  i s  f i v e  t o  t e n  m i l e s  w i d e  a n d  a l l u v i u m  f i l l e d .  A l s o
EXPOS ED I N THE H I L L S  TO THE EAST  OF THE V A L L E Y  ARE ROCKS 
D E S I G N A T E D  AS G R A N I T I C  R O C K S ,  G N E I S S I C  G R A N I T E ,  AND I N J E C ­
T I O N  G N E I S S  BY ROSS ( 1 9 5 0 ,  P L A T E  4 ) .
T h e r e  i s  q u i t e  a d i f f e r e n c e  i n  r o c k s  p r e s e n t  i n  t h e
AREA NORTH OF THE D I V I D E  BETWEEN SWE A T HOUS E  C R E E K  AND B l G
C r e e k  a s  c o n t r a s t e d  w i t h  t h e  a r e a  s o u t h  o f  t h i s  d i v i d e .
- 1 0 -
F r o n t a l  z o n e  g n e i s s  c o n t i n u e s  t o  t h e  s o u t h  a l o n g  t h e  r a n g e
F R O N T ,  BUT  S I L L I M A N I T E  G N E I S S  I S  NOT  F O U N D  TO T H E  S O U T H  OF
t h i s  l i n e .  I n S w e a t h o u s e  C r e e k  C a n y o n  t h e  f r o n t a l  z o n e  
G N E I S S  G R A D E S  I N T O  F E L D S P A R - Q U A R T Z - B I O T  I T E  G N E I S S  TO T H E  
W E S T ,  W H I C H  I S  B O U N D E D  ON T H E  WEST  BY G R A N O D I  OR J T E ( C H A S E ,
1 9 6 1 ) .
A n d e r s o n  ( 1 9 5 9 9 p .  ^ 2 - 4 9 )  a n d  C h a s e  ( 1 9 6 1 ,  p . ^ 2 - ^ 6 )
I N D I C A T E  T H A T  T H E R E  WERE T H R E E  D E F O R M A T  I O N A L  P H A S E S  A F F E C T I N G  
T H I S  M E T A M O R P H I C  T E R R A I N .  T H E Y  A R E  E N U M E R A T E D  BY C H A S E  A S  
F O L L O W S .
1 .  D e f o r m a t i o n  r e s u l t i n g  i n  f o l d i n g  a b o u t  a  N W - S E  
T R E N D I N G  H O R I Z O N T A L  F O L D  A X I S .
2 .  D e f o r m a t i o n  a b o u t  N E - S W  a x i s  ( r e s p o n s i b l e  f o r  m o s t  
OF T H E  F O L D S  S E E N  I N  T H E  S I L L I M A N I T E  G N E I S S ) .
3 .  N o r t h e a s t  t r e n d i n g  n o r m a l  f a u l t i n g  a l o n g  t h e  f r o n t  
o f  t h e  B i t t e r r o o t  R a n g e .
I t  c a n  b e  s e e n  f r o m  P l a t e  1 t h a t  i n d i v i d u a l  a t t i t u d e s
OF F O L I A T I O N  OF T H E  S I L L I M A N I T E  G N E I S S  WHEN P L O T T E D  ON A MAP 
DO NOT SHOW MUCH OF A S T R U C T U R A L  T R E N D  B E C A U S E  OF T H E  S T R O N G  
F O L D I N G  OF T H E  G N E I S S .  I N  A S T E R E O P L O T  OF T H E S E  A T T I T U D E S
( F i g u r e  3 A ) ,  a  g i r d l e  c a n  b e  s e e n  w h i c h  r e p r e s e n t s  f o l d i n g
A B O U T  A N E - S W  T R E N D I N G  A X I S  W H I C H  P L U N G E S  TO T H E  N E .  HOW­
E V E R ,  A P L O T  OF F O L D  A X E S  ON T H E  S A M E  S T E R E O P L O T  SHOWS T H E M  
TO T R E N D  N - S  AND TO BE N E A R L Y  H O R I Z O N T A L .  T H I S  D I S C R E P A N C Y  
I M P L I E S  T H A T  T H E  F O L D  A X E S  P L O T T E D  H E R E  WERE NOT P R O D U C E D  BY 
F O R C E S  OF T H E  S AME O R I E N T A T I O N  A S  T H O S E  W H I C H  P R O D U C E D  T H E  
A T T I T U D E S  OF T H E  F O L I A T I O N  P L O T T E D  ON T H E  S A ME  S T E R E O P L O T .
T h e  l a r g e  a n o r t h o s i t e  b o d y  e x p o s e d  i n  B a s s  C r e e k  C a n y o n
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F i g u r e  3 A .  D i s t r i b u t i o n  o f  176 p o l e s  t o  f o l i a t i o n  o f  t h e
S I L L I M A N I T E  G N E I S S  SHOWN BY D O T T E D  P A T T E R N S  A N D  B L A C K  A R E A S .
D i s t r i b u t i o n  o f  3 ^  f o l d  a x e s  o f  s m a l l  f o l d s  w i t h i n  t h e
S I L L I M A N I T E  G N E I S S  SHOWN BY D I A G O N A L  AND CROSS HATCHED P A T ­
T E R N .  Co n t o u r s  a r e  a t  2 ,  4  a n d  8 p o i n t s  p e r  1 #  a r e a .
N
F i g u r e  3 B .  D i s t r i b u t i o n  o f  101 p o l e s  t o  f o l i a t i o n  o f
A N O R T H O S I T E • CONTOURS ARE AT 2 AND ^  P O I N T S  PER \% A R E A .
- 1  2 -
a n d  K o o t e n a i  C r e e k  C a n y o n  h a s  a  c y l i n d r i c a l  s h a p e  a n d  i s
O R I E N T E D  I N  A N E - S W  D I R E C T I O N  W I T H  I T S  A X I S  I N C L I N E D  A B OU T  
2 0 °  TO THE N O R T H E A S T  ( F I G U R E  4 ) .  T H E  T R E N D  OF T H I S  E L O N G A T E  
A N O R T H O S I T E  BODY I S  ROUGHL Y P A R A L L E L  TO THE A X I S  OF THE F O L D ­
I NG WH I C H  PRODUCED THE G I R D L E  SHOWN I N THE P L O T  OF S I L L I -  
M A N I T E  G N E I S S  A T T I T U D E S .  A P L O T  OF P O L E S  TO F O L I A T I O N  
A T T I T U D E S  FROM A N O R T H O S I T E S  I N  THE BA S S  C R E E K  A RE A SHOWS A 
P OORL Y  D E V E L O P E D  G I R D L E  OF A P P R O X I M A T E L Y  THE SAME O R I E N T A ­
T I O N  AS T H A T  FOR THE S I L L I M A N I T E  G N E I S S  ( F I G U R E  3 B ) .  T H E S E  
F A C T S  S U P P OR T  THE G E N E R A L  C ON C O R D A N C E  OF THE ANORT  H O S I T  ES TO 
THE S U R R O U N D I N G  S I L L I M A N I T E  G N E I S S  AS CAN BE O B S E R V E D  I N  TWO 
D I M E N S I O N S  I N O U T C R O P .
T h e r e  h a s  b e e n  c o n s i d e r a b l e  c o n t r o v e r s y  c o n c e r n i n g  t h e
O R I G I N  OF THE S H A R P L Y  T R U N C A T E D  F R ON T  OF THE B I T T E R R O O T
R a n g e .  L i n d g r e n  ( 1 9 0 4 ,  p .  4 8 - 4 9 )  s u g g e s t e d  t h a t  a n  " e n o r m o u s
F L A T  F A U L T "  A L ONG WH I C H  NORMAL  D I S P L A C E M E N T  HAD R E S U L T E D  I N 
A V E R T I C A L  MOVEMENT OF 4 , 0 0 0 *  TO 6 , 0 0 0 *  WAS R E S P O N S I B L E  FOR 
THE U N I F O R M  F RONT  OF THE R A N G E .  L A N G T O N  ( 1 935 9 P *  ^ 5 ) S T A T E D  
T HA T  AN E A S T  D I P P I N G  T H R U S T  F A U L T  P R E C E D E D  NORMAL  F A U L T I N G  
A L ONG THE F RONT  OF THE R A N G E .  ROSS ( 1 9 5 0 ,  P .  1 7 0 )  S U G G E S T S  
T H A T  THE A T T I T U D E  OF THE F R O N T A L  ZONE G N E I S S  I S  THE R E S U L T  OF 
D O MI N G  D U R I N G  THE E M P L A C E M E N T  OF THE I D A H O B A T H O L I T H .  HE 
DOES NOT T H I N K  T H A T  NORMAL  F A U L T S  A L ONG THE RANGE F R ON T  ARE 
OF S U F F I C I E N T  M A G N I T U D E  TO A CC OU N T  FOR THE S T R A I G H T  RANGE
f r o n t .  R e c e n t  w o r k  u n d e r t a k e n  b y  t h e  G e o p h y s i c a l  a n d  P o l a r  
R e s e a r c h  C e n t e r , Ma d i s o n , W i s . ,  i n  t h e  B i t t e r r o o t  V a l l e y
K o o t e n a I 
C r e e k
B a s s
C r e e k
6000
FT
P r e d o m I n a t e l v  
S I L L I  M A N ! T E  G N E I S S
A N O R T H O S I T E
F T
F I G U R E  4
A .  S t r u c t u r e  s e c t i o n  o f  K o o t e n a i  C r e e k  C a n y o n  a n d  B a s s  
C r e e k  C a n y o n  a l o n g  l i n e  A -  A * .  L o c a t i o n  o f  s e c t i o n  
s h o w n  i n  F i g u r e  2 .
B .  A V E R T I C A L  P R O J E C T I O N  OF T H E  A N O R T H O S I T E  E X P O S U R E  
i n  K o o t e n a i  C r e e k  C a n y o n  w h i c h  i s  s h o w n  i n  F i g u r e  A ,  
V e r t i c a l  p l a n e  o f  p r o j e c t i o n  i s  p e r p e n d i c u l a r  t o  p l a n e
OF S T R U C T U R E  S E C T I O N  SHOWN I N  F I G U R E  A .
- 1 3 -
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M I G H T  S H E D  SOME L I G H T  ON T H E  P R E S E N C E  OF F A U L T S  I N  T H I S  A R E A .
T h e  r u g g e d  r e l i e f  a n d  g o o d  e x p o s u r e s  f o u n d  i n  t h e  
B i t t e r r o o t  R a n g e  a r e  t h e  r e s u l t  o f  e x t e n s i v e  g l a c i a t i o n  i n  
T H I S  A R E A  D U R I N G  T H E  W I S C O N S I N  S T A G E  OF G L A C I A T I O N  ( A L D E N ,  
1 9 5 3 ). I n  t h e  n o r t h e r n  p a r t  o f  t h e  B i t t e r r o o t  R a n g e  t h e
E A S T - W E S T  C A N Y O N S  H A V E  B E E N  G L A C I A T E D  F R O M T H E  I D A H O - M O N T A N A  
B O U N D A R Y  TO W I T H I N  S E V E R A L  M I L E S  OF T H E I R  M O U T H S ,  WH E R E  T H E  
B R O A D  U - S H A P E D  C A N Y O N S  A R E  C O N S T R I C T E D  TO N A R R O W R E L A T I V E L Y  
S T E E P - W A L L E D  C A N Y O N S .  T H E  S T E E P - W A L L E D  C A N Y O N S  A R E  T H E  
R E S U L T  OF P O S T - P L E I S T O C E N E  D O W N C U T T I N G .
P E T R O G R A P H 1C D E S C R I P T I O N S  
S I L L I  MAN I T E  G N E I S S
T h e  s i l l i m a n i t e  g n e i s s  i s  w i d e s p r e a d  i n  t h e  a r e a  t o  t h e  
WEST OF THE F R O N T A L  ZONE G N E I S S  AND TO THE E A S T  OF THE I D A H O  
B A T H O L I T H .  I T  WAS MAPPED AND D E S C R I B E D  BY A N D E R S O N  ( 1 9 5 9 )  
i n  t h e  Ba s s  C r e e k  a r e a  a n d  h a s  b e e n  r e c o g n i z e d  t h r o u g h o u t  t h e  
AREA COVE RE D I N F I G U R E  2 .  I N  OUT CROP THE U N I T  I S  R E C O G N I Z E D  
BY I T S  RED C O L O R ,  L A R G E  NUMBER OF F O L D S ,  AND V A R I A B I L I T Y  I N  
B I O T I T E  C O N T E N T .  B E C A U S E  OF THE V A R I A T I O N  I N  M I N E R A L O G Y  AND  
GREAT  AMOUNT OF S H E A R I N G ,  THE S I L L I M A N I T E  G N E I S S  FORMS  
I R R E G U L A R  AND J A G GE D  O U T C R O P S .  I N THE BA SS C R E E K  ARE A  MOST  
OF THE F O L D S  I N  THE U N I T  HAVE N E - S W  T R E N D I N G  A X E S  W H I C H  ARE 
N E A R L Y  H O R I Z O N T A L  AND ARE I S O C L I N A L  W I T H  AN A M P L I T U D E  OF FROM 
O N E - H A L F  TO S I X  I N C H E S .
TO THE EA ST  THE S I L L I M A N I T E  G N E I S S  GRA DE S  I N T O  A 
F E L D S P A R - Q U A R T Z - B I O T I T E  G N E I S S  WH I C H  A N DE RS ON ( 1 9 5 9 )  HAS 
D E S I G N A T E D  " P A R T I A L L Y  G R A N I T I Z E D  S E D I M E N T S . ”  TO THE WEST OF 
THE S I L L I M A N I T E  G N E I S S ,  ROCKS D E S I G N A T E D  " G R A Y  W E A T H E R I N G  
G N E I S S "  AND " F E L D S P A R - Q U A R T Z - BI  0 T I T E  G N E I S S "  O C C U R .  T H E  C ON ­
T A C T  BETWEEN THE S I L L I M A N I T E  G N E I S S  AND GRAY W E A T H E R I N G  
G N E I S S  I S  I R R E G U L A R ,  AND I N MANY L O C A T I O N S  T H E R E  ARE M I X T U R E S  
OF THE TWO ROCK T Y P E S .
T h e  s i l l i m a n i t e  g n e i s s  v a r i e s  f r o m  a s c h i s t  c o m p o s e d
M A I N L Y  OF Q U A R T Z ,  B I O T I T E ,  AND S I L L I M A N I T E  TO A G N E I S S
- 1 5 -
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C O M P O S E D  OF Q U A R T Z ,  O L I G O C L A S E ,  P E R T H  I T E ,  B I O T I T E ,  M U S C O V I T E ,  
A N D  S I L L I  MAN I T E • B E C A U S E  OF T H I S  V A R I A T I O N  I N  T H E  A M O U N T S  
OF T H E  P R I N C I P A L  M I N E R A L S ,  I T  I S  A D I F F I C U L T  U N I T  T O S A M P L E ®
Mu c h  g n e i s s  o f  q u a r t z  m o n z o n i t i c  c o m p o s i t i o n  o c c u r s  w i t h i n  
T H E  S I L L I  MAN I T E G N E I S S ®  T O N A L I T I C  P O D S  A N D  A N O R T H O S I T I C  P O D S  
A N D  B O D I E S  A R E  A L S O  F O U N D  W I T H I N  T H E  S I L L I M A N I T E  G N E I S S ®
T h e s e  t w o  r o c k  t y p e s  a r e  d i f f i c u l t  t o  d i s t i n g u i s h  i n  t h e
F I E L D  A N D  I N  MA N Y  I N S T A N C E S  O C C U R  T O G E T H E R .  N U M E R O U S  A M P H I B -  
O L I T E  P OD S  OF I R R E G U L A R  S H A P E ,  U S U A L L Y  A S S O C I A T E D  W I T H  T O N A ­
L I T I C  P O D S ,  O C C U R  W I T H I N  T H E  S I L L I M A N I T E  G N E I S S .
I N  T H I N  S E C T I O N  T H E  S I L L I M A N I T E  G N E I S S  E X H I B I T S  T H E  
E F F E C T S  OF C A T A C L A S I S ®  F E L D S P A R  AND Q U A R T Z  G R A I N S  A R E  F R A C ­
T U R E D ,  A N D  I N  N U M E R O U S  O L I G O C L A S E  G R A I N S  T W I N  L A M E L L A E  A R E  
B E N T  A N D  I N  SOME I N S T A N C E S  O F F S E T .  L A Y E R S  R I C H  I N  S I L L I ­
M A N I T E  AND B I O T I T E  A R E  F R E Q U E N T L Y  S T R O N G L Y  F O L D E D .  P O R P H Y -
R O B L A S T S  OF P E R T H I T E ,  O L I G O C L A S E ,  A N D  Q U A R T Z  R A N G E  F R O M TWO
TO E I G H T  MM I N  D I A M E T E R  ( P L A T E  3 t  F I G U R E  1 ) .  M O S T  OF T H E
P E R T H I T E  I S  A M I C R O P E R T H I T E  W H I C H  C O N S I S T S  OF V E R Y  F I N E
R E G U L A R  L A M E L L A R  I N T E R G R O W T H S . H O W E V E R ,  I N  SOME I N S T A N C E S  
P E R T H I T E  G R A I N S  C A N  BE O B S E R V E D  I N  W H I C H  O N L Y  I R R E G U L A R  
S T R I N G  P E R T H I T E  I S  F O U N D  OR I N  W H I C H  I T  I S  F O U N D  I N  A D D I T I O N  
TO R E G U L A R  M I C R O P E R T H I T E .
P L A G I O C L A S E  I N  T H E  S I L L I M A N I T E  G N E I S S  R A N G E S  I N  C O M P O ­
S I T I O N  F ROM A N 2 3  TO A N ^ O  a n D I S  U N Z O N E D  OR S HOWS V E R Y  I N D I S ­
T I N C T  Z O N I N G .  I T  I S  P O I K I L O B L A S T I C , C O N T A I N I N G  S M A L L  
R O U N D E D  Q U A R T Z  G R A I N S  A N D  R A R E L Y  P O T A S H  F E L D S P A R  G R A I N S .
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F 1 GURE 1 . S 1LL I MAN 1 TE G N E I S S  ( S P E C I M E N  # 5 5 ^ )
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SUCH PO T A S H  F E L D S P A R  G R A I N S  OCCUR W I T H I N  O L I G O C L A S E  P O R P H Y R O -  
B L A S T S  OF A N ^ q C O M P O S I T I O N  I N  S P E C I M E N  # 2 1 0  OF S I L L ! M A N  I T  E 
G N E I S S  WEST OF THE L A R G E  A N O R T H O S I T  E BODY ( P L A T E  2 ) ,  THE 
O U T L I N E  OF THE P O T A S H  F E L D S P A R  G R A I N S  I S  T H A T  OF C U B E S  OR 
R E C T A N G L E S  OF WH I C H  ONE D I M E N S I O N  I S  P A R A L L E L  THE ( 0 1 0 )  
D I R E C T I O N  I N THE O L I G O C L A S E ,  M l C R O C L I N E  C U B E S  I N  P L A G I O C L A S E  
ARE R E P O R T E D  BY G A T E S  AND S C H E E R E R  ( 1 9 ^ 3 »  1 0 5 5 ?  1 0 5 6 )  FROM
THE NONEWAUG G R A N I T E  OF C O N N E C T I C U T ,  ABOUT  H A L F  OF THE 
E X A M I N E D  S I L L I M A N I T E  G N E I S S  T H I N  S E C T I O N S  C O N T A I N  M I N O R  
AMOUNTS OF M Y R M E K I T E ,
AS CAN BE SEEN FROM THE MODES OF THE S I L L I M A N I T E  G N E I S S
( T a b l e s  1 a n d  2 ) ,  t h e r e  i s  q u i t e  a  w i d e  v a r i a t i o n  i n  t h e
AMOUNT OF B I O T I T E ,  S I L L I M A N I T E ,  AND M U S C O V I T E ,  S I L L I M A N I T E  
U S U A L L Y  OCCURS AS B U N D L E S  OF A C I C U L A R  C R Y S T A L S  C O N C E N T R A T E D  
BETWEEN B I O T I T E  F L A K E S ,  I N HAND S P E C I M E N  S I L L I M A N I T E  CAN BE 
SEEN AS A F E A T H E R Y  L A Y E R  ON SOME B I O T I T E  C L E A V A G E  S U R F A C E S ,
A l t h o u g h  m o s t  o f  t h e  s i l l i m a n i t e  o c c u r s  i n  b j o t i t e  r i c h
L A M E L L A E ,  SOME N E E D L E S  OCCUR W I T H I N  Q U A R T Z  G R A I N S ,  I N 
S E V E R A L  I N S T A N C E S  M U S C O V I T E  A P P E A R S  TO HAVE BEEN CORRODED BY 
Q U A R T Z •
O n t h e  b a s i s  o f  t h e  o c c u r r e n c e  o f  s i l l i m a n i t e  a n d
M U S C O V I T E  I N  THE S I L L I M A N I T E  G N E I S S ,  T H I S  U N I T  WOULD BE 
P L A C E D  I N THE A M P H I B O L I T E  F A C I E S  OF M E T A M O R P H I S M  SOMEWHERE 
BETWEEN THE F I R S T  AND SECOND S I L L I M A N I T E  I S O G R A D S ,  M I N E R ­
AL OGY OF THE S I L L I M A N I T E  G N E I S S  I S  S I M I L A R  TO T H A T  OF A 
S C H I S T  D E S C R I B E D  BY H l E T A N E N  FROM THE B O E H L * S  B U T T E  AREA OF
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T a b l e  1 .  Mo d a l  A n a l y s e s  o f  S i l l i m a n i t e  Gn e i s s  S p e c i m e n s .
M o d a l  %
^  S p e c i m e n  
^ \ N o .
M i n e r a l # 5 4 # 2 1 0 # 2 1  2 # 2 9 3 # 4 2 6
Qu a r t z 5 5  i 3 4 # 31 3 0 # 5 1 $
Ol I GOCLASE 7 % 2 9  # 3 k t 3 2 # 1 1 $
Co m p , o f  
OL I GOCL A SE A n 2 3 An26 AN 2 4 A n 27 AN26
P e r t h i t e 1 5 # 15% 6 ^ 6 #
B I O T I t e  
C H L O R I T E
15%
TR .
13  # 2 8 $ 1 8 #
MUSCOV I TE 3 0 # 4 # 4 # 1 #
S I L L I  MAN I TE 3% 3% 1 * 4 $ 1 3 #
C l  I NOZO 1 S I TE 
Ru t i l e
TR . 
TR .
1 # TR . 
TR .
TR a
Z 1RCON
Op a q u e  
A p a t  1 T E
TR . TR . 
TR .
T R .  
TR .
TR . TR .
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T a b l e  1 ( C O N T . )
M o d a l  %
\ S P E C 1  MEN 
^ \ N O .
M i n e r a l # 5 5 0 # 5 5 ^ # 8 0 1 # 8 6 ^
A v e r a g e  
o f  9  Mo d e s
Q u a r t z 36% k6% kQ% 7 M 4 5 #
O l 1G OCL A S E 1 8  % 5 % 1 7  % TR . 1 7  %
C o m p , o f A n 3 0 A n 3 0 A n 2 7 A n 2 7
O L 1G OCL AS E
P e r t h i t e 22% 21 % 9% 1 0 #
B l O T 1TE 1 8% 23%
CO 23% 1 8 #
C H L O R 1TE TR . TR .
M U S C O V 1TE 2% 7% TR . 6 #
S 1 L L 1 MAN 1 TE 2% 3% 1* 5% b%
C l  1 N O Z O 1S 1TE m . TR . T R , TR .
R u t i l e TR .
Z 1 RCON TR . TR . TR . TR . TR .
O p a q u e TR . TR .
A p a t 1TE TR .
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T a b l e  2 .  Mo d a l  A n a l y s e s  o f  S i l l i m a n i t e  G n e i s s  S p e c i m e n s  
R e p o r t e d  b y  A n d e r s o n
M o d a l  %
S p e c . N o . 
a n d
' ' " " ' ' \ J _ O C A L  1 T>
M 1 N E R A L ^ ^ " \ ^
M-7  
K o o t e n a 1 
C r e e k
M-9  
K o o t e n a i  
C r e e k
m- 6  1
K o o t e n a i  
C r e e k
8 - 1 4 - 1
B a s s
C r e e k
B - 3
Ba s s
C r e e k
Q u a r t z 39 4o i+o 38 34
P L A G 1O C L A S E 24 10 19 1 2 25
O r t h o c l a s e 1 13 5 5 1
B 1 O T 1TE 20 20 18 21 19
M U S C O V 1 TE 5 <1 6 8 2
S 1 L L  1 MAN 1 TE 10 15 11 15 16
Z 1 RCON T r . T r . T r . T r . T r .
O p a q u e T r . T r . T r . 1 2
G a r n e t - - T r . - - - - - -
( A n d e r s o n , 1 9 5 9 *  T a b l e  1 ,  p .  1 7 )
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I DAHO ( 1 9 6 2 , P .  B 1 4 - B 1 6 ) AND A T T R I B U T E D  TO M E T A M O R P H I S M  OF 
t h e  P r i c h a r d  F o r m a t i o n  o f  t h e  B e l t  S u p e r g r o u p , ,  H i e t a n e n  
D E S C R I B E S  THE OCCURRENCE OF K Y A N I T E  AND A N D A L U S I T E  I N  T H I S  
S C H I S T ,  BOTH OF WHI CH ARE L A C K I N G  I N THE S P E C I M E N S  OF THE 
S I L L I M A N I T E  G N E I S S .  H l E T A N E N  A L S O  D E S C R I B E S  D I O P S I D E  
P L A G I O C L A S E  G N E I S S  WHI CH OCCURS AS BEDS I N T E R L A Y E R E D  W I T H  
S I L L I  MAN I T E - G A R N E T - B I O T I T E  S C H I S T ®  NO SUCH U N I T  WAS 
OB S ERV E D I N  THE S I L L I M A N I T E  G N E I S S ,  BUT A NDERS ON ( 1 9 5 9 ,
P .  3 9 )  D E S C R I B E S  A ROCK COMPOSED OF D I O P S I D E ,  P L A G I O C L A S E ,
AND QUART Z  FOUND I N THE F R O N T A L  ZONE G N E I S S .
A C H E M I C A L  A N A L Y S I S  OF A C O M P O S I T E  S P E C I M E N  OF THE 
S I L L I M A N I T E  G N E I S S  I S  G I V E N  I N T A B L E  3 ,  AND A M O L E C U L A R  NORM 
i s  g 1v e n  i n  T a b l e
Q u a r t z  Mo n z o n i t i c  a n d  Gr a n o d i o r i t i c  Gn e i s s
G n e i s s  o f  q u a r t z  m o n z o n i t i c  a n d  g r a n o d i o r i t i c  c o m p o s i ­
t i o n  I S  A B U ND A N T  W I T H I N  THE U N I T  MAPPED AS S I L L I M A N I T E  
G N E I S S .  A C O N S I D E R A B L E  NUMBER OF SUCH Z ONES WERE FOUND  
W I T H I N  THE S I L L I M A N I T E  G N E I S S  WHERE I T  WAS E X A M I N E D  I N
d e t a i l . A b o v e  t h e  l a r g e  a n o r t h o s i t e  b o d i e s  e x p o s e d  i n  Ba s s , 
K o o t e n a i , a n d  B i g  C r e e k  C a n y o n s  t h e r e  a r e  n u m e r o u s  c o n c o r ­
d a n t  L A Y E R S  OF QUART Z  M O N Z O N I T I C  G N E I S S  W I T H I N  THE S I L L I ­
M A N I T E  G N E I S S .  I N A D D I T I O N  TO T HES E  CONCORDANT  L A Y E R S ,  SOME 
OF WHI CH ARE L E S S  THAN S I X  I N C H E S  I N  T H I C K N E S S ,  T HERE ARE  
LARGE B O D I E S  OF G N E I S S  OF QU A R T Z  M O N Z O N I T I C  C O M P O S I T I O N .  THE  
L AR GE S T  OF T H E S E  I S  EXPOSED BETWEEN THE TWO A N O R T H O S I T E S
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T a b l e  3 .  C h e m i c a l  A n a l y s e s  o f  Ro c k s  f r o m  t h e  B i t t e r r o o t  
Ra n g e
S p e c i m e n  
N o .
C o n s t i t u e n
7 2 . 1S i O
0 . 0 8T l O
1 6 . 9A l o 0
n 1 LN I L
F e O
Mn O
0 . 2 90 . 1 7
1 0 . 1C a O
0 .47
0o97
co
S p e c i m e n  No . R o c k  T y p e
# 7 7 2  Q u a r t z  Mo n z o n i t i c  G n e i s s  ( P l a t e  1 )
#875  A n o r t h o s i t e  ( P l a t e  2 )
#892  S I L L I  MAN I T  E G N E I S S  ( C O M P O S I T E  S P E C I M E N  OF
S P E C I M E N S  # 5 9  » 2 1 0 ,  2 1 2 ,  2 9 3 ,  4 2 6 ,  AND
864 ) .
C h e m i c a l  a n a l y s e s  b y  T e c h n i c a l  S e r v i c e  L a b o r a t o r i e s ,  T o r o n t o  
C a n a d a  .
25
T a b l e  4 .  Mo l e c u l a r  No r m s  of  Ro c k s  f r o m  t h e  B i t t e r r o t  Ra n g e
-— ---------_ST̂ EC 1 MEN NO.
CONST7TLTETrr-~— # 7 7 2 O
D VJ
\ # 8 9 2
C a t i o n  P e r  C e n t
S l ° 2 6 7 . 6
• 6 4 . 9
t . ° 2 -------- — 0 . 3
A l 0 3 / 2 1 8 . 6 2 8 . 7
2 4 . 3
F e 0 3 / 2
-------- 0 . 7 --------
F e O 0 . 5 0 . 2 2 . 1
Mg O 0 . 2 0 . 1 0 . 4
C a O 2 . 4 9 . 9 1 .1
N a O i  
2
6 . 1 8 . 4 3 . ^
K O i 4 . 5 0 . 5 3 . 1
2
T o t a l 9 9 . 9 9 9 . 8 9 9 . 6
Mo l e c u l a r  N o r m
Q 3 0 . 4 3 . 8 41 . 0
OR 2 2 . 5 2 . 5 1 5 . 5
AB 3 0 . 7 4 2 . 0 1 7 . 0
AN 11 . 8 4 9 . 5 5 . 5
C 3 . 3 -------- 1 5 . 6
EN 0 . 5 1 . 0 0 . 8
FS 0 . 9 -------- --------
1 L -------- -------- 0 . 6
MT ____ 0 . 9 3 - 6
T o t a l 1 0 0 . 0 9 9 . 7 9 9 . 6
S p e c i m e n  N o . R o c k  T y p e
# 8 7 5
#892
Mo l e c u l a r  n o r m s  
i n T a b l e  3*
An o r t h o s i t e  ( P l a t e  2 )
S I L L I  MAN I T  E G N E I S S  ( C O M P O S I T E  S P E C I M E N )
WERE C A L C U L A T E D  F ROM C H E M I C A L  A N A L Y S E S  G I V E N
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s h o w n  i n  P l a t e  2 a n d  i s  a b o u t  3 0 0 ’ b y  6 0 0 *  i n  o u t c r o p .  M a n y
S M A L L  QU A R T Z  M O N Z O N I T I C  PODS ARE E X POS E D I N  THE G U L L Y  TO THE  
WEST OF THE AREA SHOWN I N  P L A T E  2 .  A T Y P I C A L  POD M I G H T  HAVE  
D I M E N S I O N S  OF 1 0  F T .  BY 3 0  F T .  W I T H  THE LONG D I M E N S I O N  P A R ­
A L L E L  TO THE F O L I A T I O N  OF THE S I L L I M A N I T E  G N E I S S .  C O N T A C T S  
BETWEEN THE Q U A R T Z  M O N Z O N I T I C  G N E I S S  AND S I L L I M A N I T E  G N E I S S  
ARE G R A D A T I O N A L .  THE MAJ OR CHANGE A CROS S A C O N T A C T  BET WE E N  
T H E S E  TWO ROCK T Y P E S  I S  I N THE AMOUNT S OF B I O T I T E  AND Q U A R T Z ;  
T HERE I S  C O N S I D E R A B L Y  MORE B I O T I T E  AND Q U A R T Z  I N  THE S I L L I ­
M A N I T E  g n e i s s .  S i n c e  f o l i a t i o n  i n  t h e s e  r o c k s  i s  c a u s e d  b y
THE ARR A N GE ME NT  OF B I O T I T E  F L A K E S  AND THE C O N C E N T R A T I O N  OF 
B I O T I T E  I N L A Y E R S ,  THE F O L I A T I O N  OF THE Q U A R T Z  M O N Z O N I T I C  
ROCKS I S  L E S S  PRONOUNCED T HA N T H A T  I N THE S I L L I M A N I T E  G N E I S S .
T o w a r d  t h e  c e n t e r  o f  a q u a r t z  m o n z o n i t i c  p o d  t h e r e  i s  a  r e d u c ­
t i o n  I N THE F O L I A T I O N  AND B I O T I T E  C O N T E N T .  T H E  C E N T R A L  P O R ­
T I O N S  OF THE POD MAY O F T E N  BE M A S S I V E .  I N  NO I N S T A N C E S  CAN  
SHARP C O N T A C T S  BE O B S E R V E D  BET WEE N THE S I L L I M A N I T E  G N E I S S  AND  
QU A R T Z  M O N Z O N I T I C  G N E I S S .  T H E R E  ARE T O N A L I T I C  PODS I N THE  
S I L L I M A N I T E  G N E I S S  WHI CH ARE A L S O  D I F F I C U L T  I N  THE F I E L D  TO 
D I S T I N G U I S H  FROM THE QU A R T Z  M O N Z O N I T I C  P O D S .  T H E S E ,  AS WE L L  
AS S M A L L  A NO RT H O S I T I C  P O D S ,  W I L L  BE D E S C R I B E D  I N  F O L L O W I N G  
SECT I O N S .
T h e  q u a r t z  m o n z o n i t i c  p o d s  a r e  e a s i l y  r e c o g n i z a b l e  i n
OUTCROP BE CA US E OF T H E I R  L I G H T  GRAY COL OR AS COMPARED TO THE 
R E D D I S H  BROWN COLOR OF THE S I L L I M A N I T E  G N E I S S .  A L S O  T H E I R  
SMOOTH OR S L A B B Y  S U R F A C E  I S  I N S T R I K I N G  C O N T R A S T  TO THE
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I R R E G U L A R  A N D  J A G G E D  S U R F A C E  OF T H E  S I L L I M A N I T E  G N E I S S .
F o l i a t i o n  i n  r o c k s  o f  q u a r t z  m o n z o n i t i c  c o m p o s i t i o n
V A R I E S  FROM B E I N G  V E R Y  W E L L  D E F I N E D  TO E N T I R E L Y  A B S E N T ,  
A L T H O U G H  I N  MOS T  I N S T A N C E S  I T  I S  P O O R L Y  D E F I N E D .  I N  MOS T  
O U T C R O P S  T H E  F O L I A T I O N  I S  F A I R L Y  C O N S T A N T  I N  A T T I T U D E ,  A T  
L E A S T  W I T H I N  A N Y  ONE O U T C R O P ;  H O W E V E R ,  I N  T H O S E  I N S T A N C E S  I N  
W H I C H  T H E  Q U A R T Z  M O N Z O N I T I C  G N E I S S  I S  I N  I N T I M A T E  A S S O C I A ­
T I O N  W I T H  A N O R T H O S I T E ,  T H E R E  I S  MUCH V A R I A T I O N  I N  A T T I T U D E  
OF F O L I A T I O N .  P E R H A P S  T H E  Q U A R T Z  M O N Z O N I T I C  G N E I S S ,  B E C A U S E  
OF I T S  R E L A T I V E L Y  M A S S I V E  N A T U R E ,  WAS NOT  D E F O R M E D  AS  
R E A D I L Y  AS  T H E  S I L L I M A N I T E  G N E I S S  W H I C H  C O N T A I N S  A N  A B U N ­
D A N C E  OF P L A T Y  M I N E R A L S .
T h e  q u a r t z  m o n z o n i t i c  g n e i s s  a n d  g r a n o d i o r i t i c  g n e i s s
A R E  P O R P H Y R I T I C  W I T H  P H E N O C R Y S T S  OF F E L D S P A R  A N D  Q U A R T Z  I N  
MANY T H I N  S E C T I O N S  OF 5  -  6  MM I N  D I A M E T E R  ( P L A T E  3 >  F I G U R E
2 ) .  N u m e r o u s  p l a g i o c l a s e  g r a i n s  s h o w  e v i d e n c e  o f  d e f o r m a t i o n
BY T H E  P R E S E N C E  OF B E N T  T W I N  L A M E L L A E ,  BY D I S P L A C E M E N T  OF 
T W I N  L A M E L L A E  A L O N G  F R A C T U R E S ,  A N D  BY T H E  I R R E G U L A R  E X T I N C ­
T I O N  OF P L A G I O C L A S E  G R A I N S  W H I C H  D O E S  NOT  A P P E A R  TO BE 
C A U S E D  BY C O M P O S I T I O N A L  V A R I A T I O N .  T H E  ROCK H A S  AN A L L O T  R I  0 -  
M O R P H I C  G R A N U L A R  T E X T U R E .
P E R T H I T E  CAN BE O B S E R V E D  I N  A L L  OF T H E  T H I N  S E C T I O N S  
A N D  I S  F O U N D  TO V A R Y  C O N S I D E R A B L Y  I N  T E X T U R E .  MI  C R O P E R T H  I T E  
I N  W H I C H  T H E  L A M E L L A E  A R E  A B O U T  0 . 0 2  MM A P A R T  I S  P R E S E N T  I N  
A D D I T I O N  TO ROD AND S T R I N G  P E R T H I T E  I N  W H I C H  T H E  L A M E L L A E  
A R E  A B O U T  0 . 1  MM A P A R T  AND OF I R R E G U L A R  A R R A N G E M E N T .  SOME
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P E R T H I T E S  E X H I B I T  A F I N E  L A M E L L A R  T E X T U R E  I N  ONE P O R T I O N  OF 
T H E  G R A I N  AND I R R E G U L A R  ROD P E R T H  I T  E I N  A N O T H E R  o S I M P L E  
T W I N N I N G  OF P O T A S H  F E L D S P A R  G R A I N S  I S  C O M M O N .  P O O R L Y  
D E V E L O P E D  G R I D  T W I N N I N G  OF T H E  P O T A S H  F E L D S P A R  WAS O B S E R V E D  
I N  T H I N  S E C T I O N S  # 8 8 8  ( P L A T E  1 ) ,  # 8 9 0  ( P L A T E  1 ) ,  # 8 9 1  ( P L A T E  
1 ) ,  AND # 2 0 8  ( P l a t e  2 ) ,  a l l  o f  w h i c h  a r e  f o u n d  i n  o r  a d j a c e n t  
TO A L A R G E  A N O R T H O S I T E  B O D Y .  P O T A S H  F E L D S P A R  G R A I N S  O C C U R  
M A I N L Y  W I T H I N  P L A G I O C L A S E  G R A I N S .  T H E  O C C U R R E N C E  OF T H E S E  
P O T A S H  F E L D S P A R  G R A I N S  I S  T H E  S A ME  AS  T H A T  D E S C R I B E D  F OR 
T H O S E  F OU N D  I N  T H E  O L I G O C L A S E  OF T H E  S I L L I M A N I T E  G N E I S S .
T h o s e  p o t a s h  f e l d s p a r  g r a i n s  w i t h i n  a n  i n d i v i d u a l  p l a g i o c l a s e
G R A I N  A L L  H A V E  T H E  S AME E X T I N C T I O N  P O S I T I O N  S U G G E S T I N G  T H A T  
T H E Y  H A V E  A COMMON C R Y S T A L L O G R A P H I C  O R I E N T A T I O N .  M Y R M E K I T E  
I S  F O U N D  I N  A L L  OF T H E  E X A M I N E D  T H I N  S E C T I O N S .
T h e  a v e r a g e  c o m p o s i t i o n  o f  p l a g i o c l a s e  i s  A N 2 9 0  C o m ­
p o s i t i o n a l  Z O N I N G  OF P L A G I O C L A S E  WAS O B S E R V E D  I N  F I F T E E N  OF 
T H E  T W E N T Y - T W O  T H I N  S E C T I O N S .  G E N E R A L L Y  T H E  B O U N D A R I E S  
B E T W E E N  T H E  Z O N E S  A R E  I N D I S T I N C T  A N D  T H E  Z O N I N G  I S  N O R M A L .
I n o n e  i n s t a n c e  o s c i l l a t o r y  z o n i n g  w i t h  v e r y  d i s t i n c t  z o n e  
B O U N D A R I E S  WAS O B S E R V E D  W I T H  P O T A S H  F E L D S P A R  C U B E S  C O N F I N E D  
TO ONE OF T H E  Z O N E S .  T W I N N I N G  A C C O R D I N G  TO T H E  A L B I T E  AND  
C A R L S B A D  T W I N  L A WS  WAS O B S E R V E D  MOST  C O M M O N L Y ,  A L T H O U G H  SOME  
G R A I N S  S C A T T E R E D  T H R O U G H  A L L  Q U A R T Z  M O N Z O N I T I C  AND G R A N O -  
D I O R I T I C  T H I N  S E C T I O N S  SHOW T W I N  L A M E L L A E  I N T E R S E C T I N G  A T  
C L O S E  TO 9 0  D E G R E E  A N G L E S ,  E V I D E N T L Y  A L B I T E  AND P E R I C L 3 N E
t w i n s .  P l a g i o c l a s e  g r a i n s  e x h i b i t  p a t c h y  e x t i n c t i o n  w i t h
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D I F F E R E N T  P O R T I O N S  OF ONE T W I N  L A M E L L A E  B E C O M I N G  E X T I N C T  AT 
D I F F E R E N T  P O S I T I O N S *  T H I S  I S  U N L I K E  THE D I F F E R E N C E  I N  
E X T I N C T I O N  P O S I T I O N  C A U S E D  BY C O M P O S I T I O N A L  Z ONSNGo
B l O T I T E  HAS P A R T I A L L Y  A L T E R E D  TO C H L O R I T E  I N  MOST 
S P E C I M E N S  W I T H  THE F O R M A T I O N  OF AN OPA QUE M I N E R A L o  Z I R C O N ,
CL  I N O Z O I S I T E , A P A T I T E ,  AND RUT I L  E ARE U B I Q U I T O U S  M I N E R A L S  
I N T H E S E  ROCKS o P H E N O C R Y S T S  I N  THE Q U A R T Z  M O N Z O N I T ! C G N E I S S  
ARE U S U A L L Y  P O I K O L I T I C ,  C O N T A I N I N G  ROUND G R A I N S  OF THE OT HE R 
M I N E R A L S  P R E S E N T  I N  THE R O C K .
T h e  a v e r a g e  c o m p o s i t i o n  o f  p l a g i o c l a s e  f r o m  s p e c i m e n s  
OF Q U A R T Z  M O N Z O N I T I C  AND GRANOD I OR I T I C  G N E I S S  FROM PODS 
W I T H I N  THE S I L L I M A N I T E  G N E I S S  I S  A N 26 , W H I L E  T H A T  I N  S P E C I ­
MENS FROM S I M I L A R  PODS F OUND W I T H I N  A N O R T H O S  I T E S  I S  A N ^ o
P l a g i o c l a s e  f r o m  q u a r t z  m o n z o n i t i c  g n e i s s  l e s s  t h a n  a n  i n c h
FROM THE A N O R T H O S I T  E C O N T A C T  I S  MORE C A L C I C  T H A N  T H A T  OF 
T Y P I C A L  Q U A R T Z  M O N Z O N I T I C  G N E I S S  ( S P E C I M E N  # 1 9 5 *  T A B L E  5 ) o
T h e  q u a r t z  m o n z o n i t i c  g n e i s s  d e s c r i b e d  h e r e  i s  t h e  s a m e  
u n i t  w h i c h  A n d e r s o n  ( 1 9 5 9 )  d e s i g n a t e d  a s  p a r t i a l l y  g r a n i t i z e d
S E D I M E N T S .  MODAL  A N A L Y S E S  OF A N D E R S O N ' S  S P E C I M E N S  ARE G I V E N
i n  T a b l e  6 .  B e c a u s e  o f  t h e  u n c e r t a i n t y  r e g a r d i n g  t h e  o r i g i n
OF THE G N E I S S ,  THE TERM P A R T I A L L Y  G R A N I T I Z E D  S E D I M E N T S  S H OUL D 
BE D I S C A R D E D  I N  F A V OR  OF A MORE D E S C R I P T I V E  TERM SUCH AS 
QU A R T Z  M O N Z O N I T I C  G N E I S S .
A C H E M I C A L  A N A L Y S I S  OF A S P E C I M E N  OF Q U A R T Z  M O N Z O N I T I C  
G N E I S S  I S  G I V E N  I N  T A B L E  3>  AND A M O L E C U L A R  NORM OF T H I S  
SAME S P E C I M E N  I S  G I V E N  I N T A B L E  4 .
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T a b l e  5 .  M o d a l  A n a l y s e s  o f  Q u a r t z  M o n z o n i t i c  a n d  
G r a n o d 1 o r  1t 1c  S p e c i m e n s
\ S p e c I me n  
^ ^ \ N o . Mo d a l %
M 1 NE RAL #13 #21 #22 #53 #57 #58
Q u a r t z 29% 31% 26% 2 5 ^ 35# 31%
P L A G 1OC LA S E k6% 35% 31% k9% 3 2 %
A v e r a g e  C o m p , 
o f  P l a g .
An25 A n ^ An26 An35 An23 A n 2 4
P e r t h i t e 16% 21% 21% 1 8% 19% 25%
Bl OT I t e 8% ^% 1 0% 1% b% 5%
C H L O R 1TE T R . TR . TR . T R . T R . T R .
M uscov1TE I fo TR . T R . I /O \ % TR .
S 1 L L 1 MAN 1TE
C l  1 N O Z O 1S 1TE T R . TR . TR .
R u t  1 l e TR . TR . TR . TR . TR .
Z 1 RCON TR . TR « T R . TR . TR . TR .
O p a q u e TR . TR . TR . T R .
A p a t 1TE TR . TR . TR . TR . TR . TR .
S p h e n e
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T a b l e  5  • ( C O N T . )
\ S P E C 1  MEN
^ \ N O .
Mo d a l %
M 1 NE RAL # 1 9 5 # 2 0 8 # 3 2 5 # ^ 5 1 # ^ 5 9
Q u a r t z 2 6 % 25% 31 %
C\J 1 0% 3k%
P l a g 1O C L A S E 36% 3h% 76% 50% 25%
A v e r a g e  C o m p , 
o f  P l a g .
An29 An36 A n ^Zj, An30 An26 A N 2 ̂
P e r t h i t e 27% 72% 15% 79% 32% 3k%
B 1O T 1t e ^0% 9% 1 9% 8% 2%
C h l o r 1TE TR . TR . T R . TR . TR . 5%
M u s c o v 1TE TR . TR . TR .
S 1 L L 1 MAN 1TE
C l  1N O Z O 1 S 1TE T R . T R . TR . TR . T R .
R u t i l e TR . T R . TR . T R .
Z 1 RCON T R . T R . TR . TR . TR . TR •
O p a q u e TR . TR . T R . TR . TR .
A p a t 1TE TR . T R . TR . TR . TR . TR .
S p h e n e
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T a b l e  5 -  ( C O N T . )
\ S P E C I me n  
^ N o  •
M 1 NE R A L # 5 3 5 # 5 5 2
Mo d a l
# 5 5 3
%
#155 # 7 7 2 # 3 6 1
Q u a r t z 3 1 8  % 35% 32% 26 % 31%
P L A G 1O C L A S E 32% 31% 33 % 33% 29 %
A v e r a g e  C o m p , 
o f  P l a g .
a n A n 2 8 A n 3 0 A n 26 A n 2 6 A n 2 ^
P e r t h i t e 2 6% ^ 1 % 2 2 ^ 32 % 31% 3 ^0
B 1 O T 1t e 8 % 2% 6% TR . 2% 1%
C H L O R 1TE T R . 1 % T R . TR . 2 % \ %
M U S C O V 1TE 1 % TR . 3%
S 1 L L 1 MAN 1TE TR . \ $
C l  1 N O Z O 1S 1TE TR . TR . TR . TR . TR .
R u t i l e TR . T R . T R . TR .
Z 1RCON TR . TR . T R . TR . TR .
O p a q u e T R . TR . TR . TR .
A p a t 1TE TR . T R . TR . TR . TR .
S p h e n e TR . TR .
- 3 3 -
T a b l e  5 «  ( C O N T o )
M o d a l  %
\ S P E C  1 MEN 
M 1 NERAL # 8 7 ^ # 8 8 8 # 8 9 0 # 8 9 1
A v e r a g e  o f  2 2
MODES OF Q U A R T Z  
M O N Z O N I T I C  ROCKS # 7 9 0
Q u a r t z 3 4 $ 25 $ 1 8% 2 5% 2 8 $ 2 2 $
P L A G 1O C L ASE
C
O
-3" 5 2 % 4 2 $
CO0^ 4 9 $
A v e r a g e  C o m p , 
o f  P l a g . A n 3 0 A n 2 9 A n 3 0 A n 2 9 A n 2 9 A n 2 7 - 5 0
P e r t h i t e 16$ 1 6% 35 % 2 5 $ 21% 1 9 $
B 1 OT 1t e 1 $ 7% 4 $ 8 .% 6% 1 0 $
C H L O R 1TE TR . TR . TR . TR a TR . TR o
M U S C O V 1TE TR o TR . TR o
S 1 L L  1 MAN 1TE
C l  1 N O Z O 1S 1TE TR o TR o TR o
R u t i l e TR . T R . T R . TR o TR o
Z 1RCON TR . TR • TR o T R . TR o
O p a q u e T R . TR . TR . TR o
A p a t 1TE TR . TR . TR . TR . TR . TR o
S p h e n e
T a b l e  6 .  Mo d a l  A n a l y s e s  o f  P a r t i a l l y  G r a n i t i z e d  S e d i m e n t s *  
R e p o r t e d  b y  A n d e r s o n
Mo d a lS p e c i m e n
N o .
- 2 8 - 1 C 9 - 2 - 8- 2 8 -8 - 1 2 - 7 9 - 2 - 9
M I N E R A L
Q u a r t z
P L A G I O C L A S E
22O r t h o c l a s e
B I O T I T E
M U S C O V I T E
*  A n d e r s o n ’ s p a r t i a l l y  g r a n i t i z e d  s e d i m e n t s  a r e  e q u i v a l e n t
TO T H E  R O C K S  D E S I G N A T E D  H E R E  AS  Q U A R T Z  M O N Z O N I T I C  G N E I S S .
( A n d e r s o n ,  1 959 ,  T a b l e  2 ,  p .  29)
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A M P H I B O L I T E
A m p h i b o l i t e  p o d s  a n d  l a y e r s  a r e  p r e s e n t  b o t h  w i t h i n  t h e
S I L L I M A N I T E  G N E I S S  AND W I T H I N  T H E  L A R G E R  A N O R T H O S I T  ES ( T H O S E  
I N  W H I C H  T H E  D I M E N S I O N S  OF T H E  O U T C R O P S  A R E  M E A S U R E D  I N  
H U N D R E D S  OF F E E T  R A T H E R  T H A N  T E N S  OF F E E T ) .
F o l i a t i o n  i n  t h e  a m p h i b o l i t e s  r e s u l t s  f r o m  t h e  s u b ­
p a r a l l e l  A R R A N G E M E N T  OF H O R N B L E N D E  G R A I N S  A N D  A L S O  F R O M T H E  
C O N C E N T R A T I O N  OF P L A G I O C L A S E  I N  L A M E L L A E  S E V E R A L  M I L L I M E T E R S  
T H I C K  W H I C H  A R E  O R I E N T E D  P A R A L L E L  T O T H E  F O L I A T I O N  C A U S E D  BY 
T H E  A L I G N M E N T  OF H O R N B L E N D E  G R A I N S .  T H E  S I Z E  OF T H E  A M P H I B ­
O L I T E  P OD S  O C C U R R I N G  W I T H I N  T H E  A N O R T H O S I T E S  R A N G E S  F ROM  
T H O S E  A S  S M A L L  AS  1 . 5  F E E T  BY 1 F O O T  I N  O U T C R O P  A R E A  TO T A B ­
U L A R  B O D I E S  F I V E  F E E T  T H I C K  AND T R A C E A B L E  F O R  A D I S T A N C E  OF  
F I F T Y  F E E T .  C O N T A C T S  B E T W E E N  T H E  A M P H I B O L I T E  A N D  A N O R T H O -  
S I T E  A R E  I N  SOME I N S T A N C E S  V E R Y  S H A R P ,  A N D  I N  O T H E R  C A S E S  
H O R N B L E N D E  L A M E L L A E  A R E  F O U N D  A S  F A R  A S  T W E N T Y  F E E T  F ROM T H E  
A M P H I B O L I T E  L A Y E R  ( F I G U R E  5 A ) .  T Y P I C A L L Y  T H E  H O R N B L E N D E  I S  
F O U N D  F OR  A D I S T A N C E  OF S E V E R A L  I N C H E S  I N T O  T H E  A N O R T H O S I T E  .
P L A G I O C L A S E  P O R P H Y R O B L A S T S  3 - 6  MM I N  L E N G T H  C A N  BE 
S E E N  I N  T H I N  S E C T I O N S  OF T H E  A M P H I B O L I T E  ( P L A T E  3 ,  F I G U R E  3 ) .
G e n e r a l l y  t h e  p l a g i o c l a s e  i s  u n z o n e d ,  a l t h o u g h  i n  s o m e  c a s e s
I T  I S  N O R M A L L Y  Z O N E D .  T H E  R A N G E  I N  C O M P O S I T I O N  OF P L A G I O ­
C L A S E  I S  F ROM L A  B R A D O R I T  E TO B Y T O WN  I T E  W I T H  A N g ^  B E I N G  T H E  
MOS T  COMMON C O M P O S I T I O N  ( S E E  T A B L E S  7  A N D  8 ) .  Q U A R T Z  R A N G E S  
I N  A B U N D A N C E  F ROM 1 $  T O 2 1 $  I N  T H I N  S E C T I O N S  OF T H E
I I '  l l  i  I 1 ' 1 /  i
I V I A M P H I B O L I T E  f I | 1
11 1 111 1 1 11 1 y
1 ill'" i"-,/ 'h i /
A N O R T H O S I T E
S I L L I  MAN I T E  GNE i SS
T O N A L  I T E
A M P H I B O L I T E
S O I L  C O V E R
F i g u r e  5 *  F i e l d  r e l a t i o n s  o f  a m p h i b o l i t e .
A .  S k e t c h  s h o w i n g  r e l a t i o n  b e t w e e n  a m p h i b o l i t e  l a y e r  a n d  
a n o r t h o s i t e  a t  l o c a t i o n  # 8 ^ 9 .  D e n s i t y  o f  b l a c k  l i n e s
I N D I C A T E  A M O U N T  OF H O R N B L E N D E .
B .  A m p h i b o l i t e  p o d  w i t h i n  s i l l i m a n i t e  g n e i s s  a n d  a s s o c i ­
a t e d  T ONAL  I T E S .  L O C A T I O N  SHOWN ON P L A T E  1 .
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T a b l e : 7 .  Mo d a l  A n a l y s e s  o f  S p e c i m e n s  o f  A m p h i b o l i t e  P o d s  
O c c u r r i n g  w i t h i n  t h e  A n o r t h o s i t e s
" ^ S P E C  1 MEN
^ s\ N o .
M i n e r a l
# 61 3 # 7 5 ^ b . # 7 5 ^ c . # 75 9 # 7  6 6
A v e r a g e  
o f  
5 MODES
Q u a r t z 2% k% 2% \% 21 %o 6%
P l a g 1OCL ASE 1 2% W 36% 17% W o 3 2 %
C o m p , o f  P l a g . A N g 5 3> Z
CD L
n An85 An85 An70 A n82
B i o t 1TE 3% TR . TR . 2% 1 % 1%
C h l o r 1TE 8 % TR . TR . 1% \% 2%
Ho r n b l e n d e 1 2 % W 60 fc 7 7  % 28% 56%
C l  1N O Z O 1 S 1TE TR .
S p h e n e 3% 2% 1%
APAT 1 TE TR .
O p a q u e 3% 2% T R . \%
Ga r n e t T R .
Z 1RCON
T a b l e  8 .  M o d a l  A n a l y s e s  o f  S p e c i m e n s  o f  A m p h i b o l i t e  P o d s  
O c c u r r i n g  w i t h i n  t h e  S i l l i m a n i t e  G n e i s s
" \ S p e c  I m e n  
M i n e r a l #55 #76
/u
#562
A v e r a g e  o f
^  M O D E S
Q u a r t z 10# 1 0# 3# 20% 11 %
P l a g 1 O C L A S E 35# 36# 1 9# 28% 30%
C o m p ,  o f  P l a g . An83 An85 A n 8 5 An85 A N g 5
B l  O T 1 t e 2# T R  . 2% T R  . \%
C H L O R 1 T E T R . 1 # T R  . T R  .
H o r n b l e n d e 52# 5 H 7 5# 52% 58%
C l  1 N O Z O I S 1 T E T R  .
S p h e n e T R . T R  . T R . T R  .
A P A T 1 T E T R . T R . T R .
O p a q u e T R  . T R  . T R  . T R . T R .
Z 1 R C ON T R  . T R . T R . T R  . T R .
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A M P H I B O L I T E S .  T H I S  Q U A R T Z  U S U A L L Y  O C C U R S  AS  B L E B S  OR R OU ND  
G R A I N S  W I T H I N  P L A G I O C L A  S E • H O R N B L E N D E  I N  T H E S E  A M P H I B O L I T E S  
H A S  T H E  F O L L O W I N G  P L E O C H R O I C  F O R M U L A :  X =  L I GHT G R E E N ,  Y = D A RK
O L I V E  G R E E N ,  AND Z = B L U I S H  OR Y E L L O W I S H  G R E E N  e T H E  A N G L E  Z TO 
C I S  31 D E G R E E S  F OR T H R E E  OF T H E  F O U R  S P E C I M E N S  F OR  W H I C H  
T H I S  M E A S U R E M E N T  WAS M A D E .  T H E  O T H E R  S P E C I M E N  HAD A N  A N G L E  
Z TO C OF 2 6  D E G R E E S .  G A R N E T  WAS O B S E R V E D  I N  ONE S P E C I M E N ;  
AND S P H E N E ,  A P A T I T E ,  A N D  AN O P A Q U E  M I N E R A L  WERE O B S E R V E D  I N  
O T H E R  S E C T I O N S .
A M P H I B O L I T E  P O D S  AND L A Y E R S  F ROM T H E  S I L L I M A N I T E  G N E I S S  
A R E  S I M I L A R  TO T H O S E  F O U N D  I N  T H E  A N O R T H O S I T E S .  L l K E  T H O S E  
I N  T H E  A N O R T H O S I T E S  T H E Y  H A V E  S T R O N G  F O L I A T I O N  C A U S E D  BY T H E  
C O N C E N T R A T I O N  OF P L A G I O C L A S E  A N D  Q U A R T Z  I N  L A Y E R S  S E V E R A L  
M I L L I M E T E R S  T H I C K .  A P R E F E R R E D  O R I E N T A T I O N  OF H O R N B L E N D E  
G R A I N S  A L S O  C A U S E S  F O L I A T I O N .  F O L I A T I O N  I N  T H E  A M P H I B O L I T E S  
I S  NOT N E C E S S A R I L Y  P A R A L L E L  TO T H A T  OF T H E  S U R R O U N D I N G  
G N E I S S ,  A L T H O U G H  I N  MA N Y  C A S E S  I T  I S ;  A N D  T H E  A M P H I B O L I T E S  
A R E  E L O N G A T E  P A R A L L E L  TO T H E  F O L I A T I O N  OF T H E  S U R R O U N D I N G
g n e i s s .  C o n t a c t s  w i t h  t h e  s i l l i m a n i t e  g n e i s s  a r e  s h a r p , a n d
T H E R E  I S  NO H O R N B L E N D E  I N  T H E  A D J A C E N T  R O C K .  T H E  S I Z E  OF 
T H E S E  P ODS V A R I E S  F ROM A L I T T L E  O V E R  A F O O T  I N  D I A M E T E R  
( P l a t e  4 ,  F i g .  1 )  t o  l a r g e r  p o d s  o n  t h e  o r d e r  o f  10  f t .  b y  
10 F T .  I N  O U T C R O P  A R E A .  L O C A L L Y  C O A R S E  G R A I N E D  T O N A L  I T  E 
S U R R O U N D S  T H E  A M P H I B O L I T E  OR F O R M S  S M A L L  P OD S  A D J A C E N T  TO I T
( F i g u r e  5 B ) .  S u c h  t o n a l i t e  i s  i n  s h a r p  c o n t a c t  w i t h  t h e
A M P H I B O L I T E  A ND I S  R E A D I L Y  D I S T I N G U I S H E D  F ROM T H E  S I L L I M A N I T E

P l a t e  k
F i g u r e  1 -  A m p h i b o l i t e  p o d  w i t h i n  s i l l i m a n i t e  g n e i s s ,
( l o c a t i o n  s h o w n  o n  P l a t e  1 )
F i g u r e  2 -  T y p i c a l  m i x t u r e  o f  a n o r t h o s i t e  a n d  q u a r t z
M O N Z O N I T I C  G N E I S S .  ( L O C A T I O N  SHOWN ON
P l a t e  2 ) .  No t e  s h a r p  i r r e g u l a r  b o u n d a r i e s
BETWEEN THE TWO ROCKS T Y P E S .
A N .  -  A N O R T H O S I T E
S .  G.  -  S I L L I M A N I T E  G N E I S S
Q .  M.  G.  -  QUARTZ M O N Z O N I T I C  G N E I S S
9  5 6 2  -  S P E C I ME N  L O C A T I O N
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Plate 4
A m p h
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g n e i s s .  A t  l o c a t i o n  # 7 6  ( P l a t e  1 ) t h e r e  i s  a c o n c o r d a n t  
QU A R T Z  M O N Z O N I T I C  POD ABOUT 1 0  F T .  BY 1 0  F T .  W I T H I N  THE 
A M P H I B O L I T E .
N u m e r o u s  c o n c o r d a n t  a m p h i b o l i t e  l a y e r s  o c c u r  w i t h i n  t h e
S I L L I M A N I T E  G N E I S S  A D J A C E N T  TO THE L A R G E R  A N O R T H O S I T E S . THE 
A M P H I B O L I T E  L A Y E R S  ARE FROM A FEW I N C H E S  TO A FOOT T H I C K  AND 
E XT END FOR T ENS OF F E E T .  NO T O N A L  I T  E I S  A S S O C I A T E D  W I T H  
T H E S E  A M P H I B O L I T E S .
A M P H I B O L I T E S  WH I C H  OCCUR W I T H I N  THE S I L L I M A N I T E  G N E I S S  
ARE AL MOS T  I D E N T I C A L  TO THOSE FOUND I N  THE A N O R T H O S I T E S  I N  
TERMS OF M I N E R A L O G Y  AND T E X T U R E ,  C O N T A I N I N G  P R I N C I P A L L Y  
UNZONED BYT OWN I T  E ( A N 85) AND V A R Y I N G  A MOUNT S OF Q U A R T Z .
T h e  a n g l e s  Z t o  C f o r  h o r n b l e n d e  f r o m  t h e s e  a m p h i b o l i t e s  a r e
A L I T T L E  L E S S  T HAN FOR H O R N B L E N D E  FROM THE A N 0 R T H O S I T E S  . THE 
F O L L O W I N G  ARE D E T E R M I N A T I O N S  FOR THE A N G L E  Z TO C OF HORN­
B L E N D E  FROM THE A M P H I B O L I T E S :  2 5 ,  2 5 ,  2 6 ,  AND 31 D E G R E E S .
H l E T A N E N  ( 1 9 6 3 >  P .  A 2 3 )  M E N T I O N S  THE OCCURRE NCE OF 
S I L L - L I K E  A M P H I B O L I T E  B O D I E S  I N  S C H I S T  A S S O C I A T E D  WI T H  
ANORT HOS  I T ES  I N  THE B O E H L ' S  B ’J T T E  Q U A D R A N G L E  OF I D A H O AND 
A L S O NOTES T HAT  T HEY ARE A S S O C I A T E D  W I T H  T O N A L  I T E .  SHE 
A T T R I B U T E S  T H E S E  B O D I E S  TO THE 11L A T E D E V E L O P M E N T  OF A B U N D A N T  
HORN B L E N DE  I N THE BI  0 T I T E - P L A G I O C L A S E  S C H I S T . ”  OT HER 
A M P H I B O L I T E S  OF G A B B R O I C  C O M P O S I T I O N ,  A L S O  FROM THE B O E H L f S
B u t t e  q u a d r a n g l e ,  a r e  t h o u g h t  t o  h a v e  f o r m e d  f r o m  t h e  m e t a ­
m o r p h i s m  OF A G A B B R O  S I L L  ( H l E T A N E N ,  1 9 6 3 ,  B 3 3 ) .
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A n o r t h o s i t e  a n d  T o n a l i t e  
I n t h e  f i e l d  r o c k s  o f  t o n a l i t i c  a n d  a n o r t h o s i t i c
C O M P O S I T I O N  A P P E A R  I D E N T I C A L  AND A P P A R E N T L Y  SHOW T H E  S AME 
R E L A T I O N  TO S U R R O U N D I N G  ROCK U N I T S .  M O D A L  A N A L Y S E S  OF T O N A L -  
I T E S  AND A N O R T H O S I T E S  SHOW T H A T  T H E R E  I S  C O N T I N U O U S  C O M P O S I ­
T I O N A L  V A R I A T I O N  B E T W E E N  T H E  TWO ROCK T Y P E S .  T H E  MOST
S T R I K I N G  O U T C R O P  F E A T U R E  OF T H E  TWO ROCK T Y P E S  I S  T H E I R  V E R Y
L I G H T  C O L O R ,  W H I T E  OR L I G H T  GRAY  AS C O M P A R E D  TO T H E  GRAY  AND 
RED OF T H E  S U R R O U N D I N G  R O C K S .  T H E Y  G E N E R A L L Y  F OR M M A S S I V E  
O U T C R O P S ,  A L T H O U G H  I N  SOME L O C A T I O N S  A D I S T I N C T  L A Y E R  L I K E  
O U T C R O P  I S  F OU N D  R E S E M B L I N G  T H A T  OF A S E D I M E N T .  I T  WAS 
T H O U G H T  T H A T  D I F F E R E N C E S  I N  R E S I S T A N C E  TO E R O S I O N  M I G H T  BE 
C A U S E D  BY A D I F F E R E N C E  I N  C O M P O S I T I O N  OF P L A G I O C L A S E  B E T W E E N  
T H E S E  L A Y E R S .  S P E C I M E N S  #730 AND #731 ( P L A T E  1 ) WERE C O L ­
L E C T E D  FROM A D J A C E N T  L A Y E R S ,  ONE P R O J E C T I N G  OUT  OF T H E  
G E N E R A L  O U T C R O P  S U R F A C E  AND ONE E R O D E D  B A C K  F ROM T H I S  S U R ­
F A C E .  S o d i u m  a n d  c a l c i u m  a n a l y s e s  o f  t h e s e  t w o  s p e c i m e n s
SHOWED T H A T  T H E Y  B OT H  A RE  C O M P O S E D  OF P L A G  I O C L A S  E OF C O M P O ­
S I T I O N  OF A N g i .  I t  a p p e a r s  t h a t  a t  l e a s t  i n  t h i s  i n s t a n c e
M I N E R A L O G Y  I S  NOT T H E  C A U S E  F OR T H E  D I F F E R E N C E  I N  W E A T H E R I N G .
B e c a u s e  o n e  o f  t h e  s p e c i m e n s  w a s  p a r t i a l l y  d i s a g g r e g a t e d , n o
T H I N  S E C T I O N  WAS MADE OF I T ;  AND T H U S  A C O M P A R I S O N  OF 
T E X T U R E S  B E T W E E N  T H E S E  TWO L A Y E R S  C O U L D  NOT BE M A D E .
S m a l l  g r e e n  f l a k e s  o f  c h l o r i t e  a r e  f o u n d  i n  a l m o s t  a l l  
OF  T HE A N O R T H O S I T E  AND T O N A L I T E  S P E C I M E N S .  B l O T I T E  I S  F OU ND
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I N A D D I T I O N  T O ,  OR I N S T E A D  O F ,  C H L O R I T E  I N MANY S P E C I M E N S .
F o l i a t i o n  i n  t h e  r o c k s  r e s u l t s  f r o m  t h e  p a r a l l e l  a r r a n g e m e n t
OF T HE SE  M I N E R A L S  I N L A Y E R S  S E V E R A L  M I L L I M E T E R S  T H I C K .
S m a l l  A n o r t h q s i t e s  a n d  T q n a l i t e s
F o r  t h e  p u r p o s e  o f  d e s c r i p t i o n  t o n a l i t e  a n d  a n o r t h o s i t e
B O D I E S  W I L L  BE D I V I D E D  I N T O  T HOSE WHOSE OUTCROP D I M E N S I O N S  
ARE MEASURED I N  T ENS OF F E E T  AND T HOS E MEA SURED I N  HUNDREDS
OF F E E T .  F i v e  o f  t h e  l a r g e  b o d i e s  a n d  m a n y  o f  t h e  s m a l l
B O D I E S  WERE S T U D I E D .  THE S MA L L  B O D I E S  OF A N O R T H O S I T E  AND 
T O N A L I T E  ARE G E N E R A L L Y  CONCORDANT  TO THE S U R R O U N D I N G  G N E I S S  
AND I N  OUTCROP A P P E A R  O V A L .  SOME PODS E V I D E N T L Y  C O N S I S T  ONLY 
OF T O N A L I T E  ( S P E C I M E N S  # 5 9  > 1 0 ^ ,  1 1 0 ,  7 ^ ,̂ 7 9 >̂ AND 8 3 0  ARE 
A L L  L OC A T E D  ON P L A T E  1 ) ;  H OWE VE R,  O T H E R S  C O N T A I N  BOTH T O N A L ­
I T E  AND A N O R T H O S I T E .  I n  S E V E R A L  I N S T A N C E S  S A MP L E S  WH I C H  WERE 
C O L L E C T E D  FROM M A S S I V E  P O R T I O N S  OF THE S I L L I M A N I T E  G N E I S S ,
AND THOUGHT TO BE QU A R T Z  M O N Z O N I T I C  I N  C O M P O S I T I O N ,  WERE 
FOUND TO BE T ONAL  I T  1C BY MODAL A N A L Y S I S .  ON P L A T E  1 I T  CAN 
BE SEEN T H A T  THERE I S  AN AB UNDANCE  OF A N O R T H O S I T E  PODS I N  THE 
V I C I N I T Y  OF THE AREA SHOWN I N P L A T E  2 .  T H I S  P R O B A B L Y  R E S U L T S  
FROM THE F A CT  T HAT  THE AREA WAS COVERED I N MUCH D E T A I L ;  AND 
U N D O U B T E D L Y  I F  OTHER P A R T S  OF THE S I L L I M A N I T E  G N E I S S  WERE 
E X A M I N E D  I N SUCH D E T A I L ,  THEY TOO WOULD BE FOUND TO C O N T A I N  
NUMEROUS SUCH P O D S .
AS A GE NE RA L  RULE F O L I A T I O N  I S  MOST PRONOUNCED I N THE 
QUA RT Z  M O N Z O N I T E ,  L E S S  PRONOUNCED I N THE T O N A L I T E ,  AND L E A S T  
PRONOUNCED OR L A C K I N G  E N T I R E L Y  I N THE A N O R T H O S I T E .
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SOME O U T C RO P S  OF Q U A R T Z  MONZON I T I C  PODS W I T H I N  THE 
S I L L I M A N I T E  G N E I S S  WERE O B S E R V E D  I N  WH I C H  THE C E N T R A L  P O R T I O N  
OF THE POD I S  T O N A L I T I C  OR A N O R T H O S I T I C » AN E X A M P L E  OF SUCH 
AN OCCURRENCE I S  FOUND AT L O C A T I O N  # 1 1 0  ( P L A T E  1 )  WHERE A 
T O N A L I T I C  ZONE OF ABOUT  2 F E E T  BY 3 F E E T  OCCURS I N  THE C E N ­
T R A L  P O R T I O N  OF A Q U A R T Z  M O N Z O N I T I C  P O D .  T H E  T O N A L I T I C  
P O R T I O N  I S  L O C A T E D  ABOUT  5 0  F E E T  FROM THE BORDER OF THE 
Q U A R T Z  M O N Z O N I T I C  P O D .
F i g u r e  6 a  s h o w s  a  q u a r t z  m o n z o n i t i c  z o n e  w i t h i n  t h e
S I L L I M A N I T E  G N E I S S  WH I C H  C O N T A I N S  T H R E E  S M A L L  A N O R T H O S I T E S .
A l t h o u g h  m o s t  o f  t h e  r o c k  s h o w n  i n  t h i s  s k e t c h  i s  a p p a r e n t l y
QU A R T Z  M O N Z O N I T I C  I N  C O M P O S I T I O N ,  T H A T  A D J A C E N T  TO THE 
A NORT H O S I T  E S I S  T O N A L I T I C .  S P E C I M E N  # 8 8  ( F l G .  6 A )  I S  FROM 
THE C O N T A C T  BETWEEN THE A NORT HO S I T  E AND T O N A L  I T E .  A T H I N  
S E C T I O N  OF T H I S  S P E C I M E N  SHOWS A S T R I K I N G  CHANGE I N  M I N E R A L O G Y  
OVER A D I S T A N C E  OF A FEW MM.  T H E  A N O R T H O S I T E  C O N T A I N S  ONL Y A 
T RACE OF Q U A R T Z ,  BUT THE T O N A L  I T E C O N T A I N S  1 ~J% ; NO P O T A S H  
F E L D S P A R  WAS FOUND I N THE A N O R T H O S I T E ,  BUT P O T A S H  F E L D S P A R  
CUB ES  WERE FOUND W I T H I N  THE P L A G I O C L A S E  OF THE T O N A L I T E ;  AND 
THE A V E R A G E  C O M P O S I T I O N  OF P L A G I O C L A  S E I N  THE A N O R T H O S I T E  I S  
A N ^ ^ ,  WHEREAS T H A T  I N THE T O N A L I T E  I S  A N ^ .
Z o n i n g  o f  p l a g i o c l a s e  i s  v e r y  p r o n o u n c e d  i n  s p e c i m e n  
# 8 9  ( F i g . 6 a ) .  F i f t y - o n e  d e t e r m i n a t i o n s  o f  t h e  c o m p o s i t i o n
OF P L A G I O C L A S E  I N T H I S  S P E C I M E N  WERE M A D E ;  AND THE A V E R A G E  
I S  A N ^ 2  5 WHEREAS THE C O M P O S I T I O N A L  RANGE I S  FROM AN 26 T 0  A N g c j .
T h e  a v e r a g e  o f  a l l  c o r e s  i s  A n ^  a n d t h a t  f o r  a l l  r i m s  i s
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F i g .  6 .  C o n t a c t  r e l a t i o n s  b e t w e e n  a n o r t h o s i t e  a n d  t o n a l i t e .
A .  E x a m p l e  o f  s h a r p  c o n t a c t s  b e t w e e n  t o n a l i t e  a n d  
A N O R T H O S I T E .
B .  G r a d a t i o n a l  c o n t a c t  b e t w e e n  a n o r t h o s i t e  a n d  t o n a l i t e .
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A n ^ .  D e t e r m i n a t i o n s  w e r e  m a d e  o n  n i n e  u n z o n e d  g r a i n s , a n d
THE AVERAGE FOR T HESE G R A I N S  I S  A N c j y .  SUCH STRONG Z O N I N G  AND 
WI DE V A R I A T I O N  I N P L A G I O C L A S E  C O M P O S I T I O N  DOES NOT SEEM 
UNUSUAL  FOR THE A N O R T H O S I T E S  WHI CH WERE S T U D I E D ,  P L A G I O C L A S E  
I N S P E C I M E N  # 8 7  ( F i g .  6 a ) i s  o f  a b o u t  t h e  s a m e  c o m p o s i t i o n ; 
THE RANGE I S  FROM ANy ^  TO A N g y , AND THE AVERAGE I S  A L S O A N | j 2 *
A n e x a m p l e  o f  a g r a d a t i o n a l  c o n t a c t  b e t w e e n  t o n a l i t e
AND A N O R T H O S I T  E I S  FOUND AT L O C A T I O N S  # 1 ^ - 1 6  AND I S  SHOWN I N
F i g u r e  6 b .  A t t h i s  l o c a t i o n  t h e r e  i s  a g r a d u a l  c h a n g e  f r o m
ROCK C A L L E D  T O N A L I T E  HERE ( S P E C I M E N  # 1 4 ,  5 3 ^  P L A G I O C L A S E ,
2 7 % Q U A R T Z ,  9 % B I O T I T E  AND A TRACE OF POT A SH F E L D S P A R )  TO 
A N O R T H O S I T E  C O N S I S T I N G  OF 96 TO 9&% P L A G I O C L A S E .  THE COMPO­
S I T I O N  OF P L A G I O C L A S E  CHANGES ONLY S L I G H T L Y  ACROSS THE 
B O UNDA RY,  FROM AN AVERAGE OF AN2|2 a t  L O C A T I O N  #1^1 TO AN 
AVERAGE OF A N j j ,  AT L O C A T I O N  # 1 5  AND AN AVERAGE OF A N A T  
L O C A T I O N  # 1 6 .  THE POTASH F E L D S P A R  FOUND I N THE T O N A L I T E  
OCCURS AS CUBES W I T H I N  THE P L A G I O C L A S E .  T H I S  OCCURRENCE OF 
POTASH F E L D S P A R  SEEMS TO BE T Y P I C A L  OF ROCKS T HAT  ARE A S S O ­
C I A T E D  WI T H THE A N O R T H O S I T E S  AND WHI CH C O N T A I N  A C A L C I C  
ANDES I N E .
A n o t h e r  e x a m p l e  o f  a g r a d a t i o n a l  c o n t a c t  w i t h  a n
A N O R T H O S I T  E I S  F O U N D  ON T H E  R I D G E  B E T W E E N  B A S S  C R E E K  A N D
K o o t e n a i  C r e e k , w h e r e  l e u c o c r a t i c  q u a r t z  m o n z o n i t i c  g n e i s s  
GRADES I NTO AN ANORT HOS I  T E ( S P E C I M E N S  # 2 1 - 2 3 ,  P L A T E  5>
F i g u r e  1 ) .  A l s o  f o u n d  a t  t h i s  l o c a t i o n  i s  t y p i c a l  q u a r t z  
m o n z o n i t i c  g n e i s s  i n  s h a r p  c o n t a c t  w i t h  t h e  l e u c o c r a t i c
%  ■
P l a t e  5
F i g u r e  1 -  E x p o s u r e  o f  s m a l l  a n o r t h o s i t e  a n d  q u a r t z
M O N Z O N I T I C  G N E I S S  I N C I R Q U E  EAST OF L A P P I  L A K E ,  
( l o c a t i o n  s h o w n  o n  P l a t e  1 )
F i g u r e  2 -  E x p o s u r e  o f  s m a l l  a n o r t h o s i t e  i n  Ba s s  C r e e k  
C a n y o n . ( l o c a t i o n  s h o w n  o n  P l a t e  1 )
A N .  -  A N O R T H O S I T E
S .  G .  -  S I L L I M A N I T E  G N E I S S
Q .  M.  G .  -  QUART Z  M O N Z O N I T I C  G N E I S S
#  5 5 ^  _ S P E C I M E N  L O C A T I O N
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P l a t e  5
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q u a r t z  M O N Z O N I T I C  G N E I S S .  THE MOST O B V I O U S  D I F F E R E N C E  
BETWEEN THE T Y P I C A L  QUART Z  M O N Z O N I T I C  G N E I S S  AND THE L E U C O -  
C R A T I C  QUA RT Z  M O N Z O N I T I C  G N E I S S  I S  THE PRE SE NCE  OF 1 0 #
B I O T I T E  I N THE FORMER AS COMPARED TO 2% I N THE L A T T E R  ( T A B L E  
5 ) .  S l L L I M A N I T E  G N E I S S  I S  A D J A C E N T  TO THE T Y P I C A L  QUART Z  
M O N Z O N I T I C  G N E I S S .  0 L I G O C L A S E  OF A C O M P O S I T I O N  OF ^ 2 6  
OCCURS I N THE T Y P I C A L  QUART Z  M O N Z O N I T I C  G N E I S S ;  BUT I N  THE 
L E U C O C R A T I C  QU A R T Z  M O N Z O N I T I C  G N E I S S  THE C O M P O S I T I O N  OF THE 
P L A G I O C L A S E  I S  A N 3 9 , W H I L E  T H A T  FOR THE A N O R T H O S I T E  I S  A N c ^ .
E x c e p t  f o r  b i o t i t e , t h e  a m o u n t s  o f  t h e  m a j o r  m i n e r a l  c o n s t i t ­
u e n t s  OF T HES E TWO ROCK T Y P E S  ARE ABOUT THE S A ME .  I N THE  
a r e a  o n  P l a t e  5 ,  F i g u r e  1 m a r k e d  a n o r t h o s i t e  a n d  l e u c o c r a t i c
QUART Z  M O N Z O N I T I C  G N E I S S ,  THE TWO ROCK T Y P E S  GRADE I N T O ONE 
ANOTHER AND PRODUCE A M I X E D  MA S S .
L o c a t e d  i n  t h e  g u l l y  j u s t  w e s t  o f  t h e  a r e a  c o v e r e d  i n  
P l a t e  2 i s  a s m a l l  a n o r t h o s i t e  b o d y  w h i c h  i s  e x p o s e d  i n  a n
AREA OF ABOUT 3 0  F T .  BY 3 0  F T .  ( P L A T E  5 *  F I G U R E  2 ) .  THE 
A N O R T H O S I T E  AND THE A C C O M P A N Y I N G  QUART Z  M O N Z O N I T I C  G N E I S S  
OCCUR CONCORDA NT L Y  W I T H I N  THE S l L L I M A N I T E  G N E I S S .  A SEVEN 
SAMPL E SEQUENCE WAS C O L L E C T E D  ACROSS THE SOUTHERN BOUNDARY 
OF T H I S  A N O R T H O S I T E ,  A ONE FOOT T H I C K  L A Y E R  OF QU A R T Z  MONZO­
N I T I C  G N E I S S ,  AND I NT O THE S U R R O U N D I N G  S l L L I M A N I T E  G N E I S S .
T h e  CONTACT BETWEEN QUA RT Z  M O N Z O N I T I C  g n e i s s  a n d  a n o r t h o s i t e  
I S  SHARP AND WEL L  EXPOSED I N THE AREA I N WHI CH THE SEQUENCE 
OF S A MP L E S WAS C O L L E C T E D ;  BUT ABOVE T H I S  P O I N T  ON THE S I D E  
OF THE G U L L Y ,  I T  I S  COVERED BY S O I L  AND V E G E T A T I O N .  L I K E W I S E ,
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THE S I L L I M A N I T E  G N E I S S - Q U A R T Z  MONZON 8 T I C  G N E I S S  CONT ACT  COULD 
NOT BE L OCA T E D E X A C T L Y  , BUT CL OSE ENOUGH TO SHOW T H A T  THE 
A N O R T H O S I T  E BODY I N  T H I S  S E C T I O N  HAS A GE NE RA L  OVAL  S H A P E ,
AND T HAT  I T  I S  CONCORDANT TO THE S I L L I M A N I T E  G N E I S S .  TO THE 
SOUTH OF T H I S  A N O R T H O S I T E  BODY I S  A M I X T U R E  OF S I L L I M A N I T E  
G N E I S S  AND G N E I S S  OF QUART Z  M O N Z O N I T I C  C O M P O S I T I O N .  ON THE 
B A S I S  OF S O D I U M AND C A L C I U M  A N A L Y S E S  THE C O M P O S I T I O N  OF 
P L A G I O C L A S E  FROM S P E C I M E N S  # ^ 8 - 5 2  ( P L A T E  5 i  F I G U R E  2 )  V A R I E S  
FROM AN/ ^q TO A N g 2 >  a n d  t h e  mOST C A L C I C  P L A G I O C L A S E  I S  T HAT 
FROM S P E C I M E N  # ^ 9  ( T A B L E  9 ) «
N o r m a l  z o n i n g  i s  t h e  m o s t  p r e v a l e n t  t y p e  i n  t h e  a n o r t h -
O S I T E ,  AL T HOUGH I N S P E C I M E N  # 5 0  ( P L A T E  5> F I G U R E  2 )  O S C I L L A ­
TORY Z O N I N G  WAS A L S O O B S E R V E D .  S A MP L E S  OF THE A N O R T H O S I T E  
ARE S I M I L A R  TO T HOSE C O L L E C T E D  FROM OTHER A N O R T H O S I T E S  , AND 
THERE DOES NOT SEEM TO BE ANY REGUL AR CHANGE I N  C O M P O S I T I O N  
OF THE P L A G I O C L A S E  TOWARD THE CONT ACT  WI T H  THE QUART Z  MONZO­
N I T I C  G N E I S S .
S p e c i m e n  # 5 3  ( P l a t e  5 ,  F i g u r e  2 )  o f  t h e  q u a r t z  m o n z o -
N I T I C  G N E I S S  C O N T A I N S  MORE P L A G I O C L A S E  ( ^9% ) ,  AND I T  I S  MORE 
C A L C I C  ( A N ^ c ; )  THAN T Y P I C A L  FOR QUA RT Z  M O N Z O N I T I C  G N E I S S  FOUND 
I N T H I S  AREA OF THE B I T T E R R O O T  R A N G E .  T HERE I S  AN ABUNDANCE 
OF POTASH F E L D S P A R  CUBES W I T H I N  THE P L A G I O C L A S E  OF T H I S  S P E C ­
I MEN WHI CH I S  A L S O A T Y P I C A L  FOR S P E C I M E N S  OF QUA RT Z  MONZO­
N I T I C  c o m p o s i t i o n .  A l t h o u g h  n o  t h i n  s e c t i o n s  a c r o s s  t h e  
A N O R T H O S I T E - Q U A R T Z  M O N Z O N I T I C  G N E I S S  CONT ACT  WERE E X A M I N E D ,
I N THE F I E L D  I T  A P P E A R S  T HAT T H I S  I S  A SHARP C O N T A C T .
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T a b l e  9 .  M o d a l  A n a l y s e s  o f  S p e c i m e n s  f r o m  S e q u e n c e  L o c a t e d  
i n  P l a t e  6
M o d a l  %
- ^ ^ S P E C  1 MEN
M i n e r a l
# k 7
AN .
m
A N .
#k9
AN .
# 5 0 * *
AN .
Q u a r t z TR . 5% 7 % T R .
P l a g 1O C L A S E 95% 9 5 % 12% 95%
C o m p ,  o f  P l a g .
A n 3 9 - 6 ^ A n 4 - 6 - 7 3 A n 2 6 - 8 0 ANk 2 - 6 k
A v e r a g e  C o m p . + 
o f  P l a g .
A n , A n
5k
A n .
62
A n
5 0
P e r t h i t e
B l O T  1 TE 20% 3%
C H L O R 1TE 1% TR . I f 2 i
M U S C O V 1TE TR . TR .
S 1L L 1 MAN 1 TE
C l  1 N O Z O 1S 1TE TR . TR . TR . TR .
R u t i l e
Z 1RCON
A P A T 1TE TR .
S p h e n e
O p a q u e TR .
♦ i n d i c a t e s  a v e r a g e  c o m p o s i t i o n  o f  p l a g i o c l a s e  o n  b a s i s  o f
P A R T I A L  C H E M I C A L  A N A L Y S I S .
♦ ♦ i n d i c a t e s  E S T I M A T E D  MODE.
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T a b l e  9 *  ( C O N T . )
■ ^ S P E C 1 MEN
# 5 1 # 5 2 # 5 3 # 5 ^
M i n e r a l AN . AN . Q[ • M . S . G .
Q u a r t z 7 * TR . 2 5 * 5 5 *
P l a g 1OCLASE 8 1 * 9 7 * ^ 9 * 7 *
C o m p ,  o f  P l a g .
A n 2 7 - 5 9 AN 3 8 —5 7 A n 3 5 A n 2 3
A v e r a g e  C o m p , 
o f  P l a g . A n 4 0 A\ 5
P e r t h i t e 1 8 *
B 1 O T 1t e 1 2 * 7 * 5 *
C h l o r 1TE TR . 2 % T R .
MUSCOV 1TE T R . TR . 3 0 *
S 1 L L 1 MAN 1TE 3 *
C l  1N OZ O1S 1TE TR . T R .
Ru t i l e T R .
Z 1RCON TR . TR .
A P A T 1TE TR .
S p h e n e
Op a q u e T R .
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S p e c i m e n  # 5 ^  ( P l a t e  5 .  F i g u r e  2 )  o f  s i l l i m a n i t e  g n e i s s
A D J A C E N T  TO THE QU A R T Z  M O N Z O N I T I C  G N E I S S  D I F F E R S  FROM AVE RA GE  
S I L L I M A N I T E  G N E I S S  I N  TWO A S P E C T S .  F I R S T ,  MU SCO V 1 T E 5S
C O N S I D E R A B L Y  H I G H E R  THAN AV E RA GE  FOR THE S I L L I M A N I T E  G N E I S S ;  
AND S E C O N D ,  NO PERTH I T  E WAS F O U N D ,  WH I C H  I S  UNUS UA L  FOR T H I S  
G N E I S S .
N u m e r o u s  r e d  g a r n e t s  a f e w  mm i n  d i a m e t e r  w e r e  c o l ­
l e c t e d  AT L O C A T I O N  # 8 2 ^  ( P L A T E  5 ,  F I G U R E  2 )  AND WERE FOUND 
TO HAVE THE F O L L O W I N G  P H Y S I C A L  P R O P E R T I E S ;  S P E C I F I C  G R A V I T Y ,  
4 . 0 l i 0 . 0 2 ;  I N D E X  OF R E F R A C T I O N ,  1 . 8 0 0 i 0 „ 0 0 ^ ;  A ,  1 1 . 5 8  8 t 0 . 0 2 f t .  
H l E T A N E N  ( 1 9 6 3 , P .  B51 ) HAS a n a l y z e d  a g a r n e t  f r o m  a n  a n o r t h -  
O S I T E  FROM THE B O E H L ' S  B U T T E  QU A D R A N G L E  AND FOUND I T  TO CON­
S I S T  OF A L M A N D I T E ,  P Y R O P E ,  AND G R O S S U L A R I T E  . BY A S S U M I N G  
T HA T  THE GARNE T S FROM L O C A T I O N  # 8 2 ^  A L S O C O N S I S T  ONLY OF 
T HE SE  THREE COMPONENT S AND U S I N G  THE CHART C O M P I L E D  BY 
W l N C H E L L  ( 1 9 5 8 ,  P .  5 9 7 ) 9 THE GARNET I S  FOUND TO C O N S I S T  OF 
6 5 $  A L M A N D I N E ,  1 0 #  P Y R O P E ,  AND 2 5 #  G R O S S U L A R I T E . T H E S E  WERE 
THE ONLY GARNETS FOUND I N ONE OF THE S MA L L  A N O R T H 0 S I T E S o  
P l a t e  6 i s  a p h o t o g r a p h  o f  a n  o u t c r o p  o f  a s m a l l
A N O R T H O S I T  E L O C A T E D  TO THE EAST OF THE LARGE A N O R T H O S I T E S
s h o w n  o n  P l a t e  2 .  Nu m e r o u s  s u c h  s m a l l  a n o r t h o s i t e  o u t c r o p s
MAY R E P R E S E N T  A P O P H Y S E S  OF THE L ARGE R A N O R T H O S I T E S  , OR MAY 
BE D I S C R E T E  A N O R T H O S I T E  P O D S .  I T  SEEMS MOST L I K E L Y  T H A T  THE 
SMA L L  OUTCROPS OF A N O R T H O S I T E  L OC A T E D  AT D I S T A N C E S  I N EX CESS 
OF 5 0 0 ’ FROM THE L ARGE A N O R T H O S I T E S  ARE S E P A R A T E  PODSo  I N 
THE OUTCROP SHOWN I N  P L A T E  6 T HERE I S  A M I X T U R E  OF QUA RT Z
m  m %
ipt M
. .
, P l a t e  6
E x p o s u r e  o f  a n o r t h o s i t e  a n d  q u a r t z  m o n z o n i t i c  g n e i s s
S U R R O U N D E D  BY S I L L I M A N I T E  G N E I S S .  ( L O C A T I O N  SHOWN ON 
P l a t e  1 )
z  "  We l l  d e f i n e d  c o n t a c t
G r a d a t i o n a l  c o n t a c t
T r a c e  o f  f o l i a t i o n  o n  p l a n e  o f  p h o t o g r a p h
•  1 1 9  S p e c i m e n  l o c a t i o n
A n .  -  A N O R T H O S I T E
S .  G .  -  S I L L I M A N I T E  G N E I S S
Q .  M • G .  -  Q U A R T Z  M O N Z O N I T I C  G N E I S S
Pl at e 6
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M O N Z O N I T I C  G N E I S S  A N D  A N O R T H O S I T E .  O N L Y  T H E  L A R G E R  Z O N E S  OF
a n o r t h o s i t e  h a v e  b e e n  s h o w n  o n  t h e  p h o t o g r a p h .  C o n t a c t s
B E T W E E N  T H E  G N E I S S  A N D  A N O R T H O S I T E  A R E  R O U G H L Y  C O N C O R D A N T  T O 
F O L I A T I O N  I N  S O M E  L O C A T I O N S .  P L A G I O C L A S E  C O M P O S I T I O N  OF 
A N O R T H O S I T E  S P E C I M E N S  L O C A T E D  ON T H E  P H O T O G R A P H  R A N G E  F R O M  
A N D E S  I N  E T O L A B R A D O R  I T E  I N  A G I V E N  S P E C I M E N  W I T H  T H E  E X C E P ­
T I O N  OF  S P E C I M E N  # 1 2 1  W H E R E  T H E  R A N G E  I N  C O M P O S I T I O N  I S  F R O M
A n ^ 9  T O A n .  S p e c i m e n  # 1 1 4  i s  t y p i c a l  q u a r t z  m o n z o n i t i c
G N E I S S ,  E X C E P T  F O R  T H E  A B U N D A N C E  OF  P O T A S H  F E L D S P A R  C U B E S  
W I T H I N  T H E  P L A G I O C L A S E  ( A N 2 9 K  F O L I A T I O N  I N  T H E  A N O R T H O S I T E  
I S  M O S T  P R O N O U N C E D  A D J A C E N T  T O T H E  Q U A R T Z  M O N Z O N I T I C  G N E I S S .
S e v e r a l  h u n d r e d  f e e t  t o  t h e  s o u t h  a t  l o c a t i o n s  # 7 0 8  a n d  
# 7 0 4  ( P l a t e  1 )  q u a r t z  m o n z o n i t i c  g n e i s s  a n d  a n o r t h o s i t e  a r e
M I X E D  T O G E T H E R  I N  M U C H  T H E  S A M E  M A N N E R  A S  A T  T H E  O U T C R O P  J U S T  
D E S C R I B E D .  T O  T H E  W E S T  OF  T H E  A R E A  S H O W N  I N  P L A T E  2 ,  T H E  TWO 
R O C K  T Y P E S  A R E  A L S O  M I X E D  T O G E T H E R  W I T H  S H A R P  C O N T A C T S  P R E S ­
E N T  B E T W E E N  T H E M .
L a r g e  A n o r t h o s i t e s
T h e  l a r g e  a n o r t h o s i t e  b o d i e s  a r e  t h o s e  w h i c h  r a n g e  i n  
o u t c r o p  a r e a  f r o m  s e v e r a l  t e n s  o f  t h o u s a n d s  o f  s q u a r e  f e e t
T O A N  A R E A  I N  E X C E S S  OF  A S Q U A R E  M I L E .  T H E  L A R G E  A N O R T H O -  
S I T E S  A R E  S H O WN  I N  T H E  F O L L O W I N G  I L L U S T R A T I O N S :
P l a t e  1 -  e a s t e r n m o s t  a n o r t h o s i t e  e x p o s e d  i n  B a s s  C r e e k  
C a n y o n  -  s p e c i m e n s  # 7 ? 5  -  7 9 1 .
-  A N O R T H O S I T E  E X P O S E D  I N  K O O T E N A I  C R E E K  C A N Y O N  -  
S P E C I M E N S  # 8 3 3  -  8 4 9 ,
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-  A N O R T H O S I T E  E X P O S E D  TO T HE  S O U T H  OF B A S S
C r e e k  i n  Ba s s  C r e e k  C a n y o n  -  s p e c i m e n s  # 7 2 0  -
7 2 1  .
-  A N O R T H O S I T  E E X P O S E D  TO T H E  N O R T H  OF B A S S  C R E E K
i n  Ba s s  C r e e k  C a n y o n  ( a l s o  s h o w n  i n  P l a t e  2 )  -
S P E C I M E N S  #76  -  B9 >  150 -  6 7 8 , AND 8 7 5 *
F i g u r e  7  -  a n o r t h o s i t e  e x p o s e d  i n  B i g  C r e e k  C a n y o n  -  
s p e c i m e n s  # 8 5 7  -  8 7 0 .
F o u r  m i l e s  t o  t h e  s o u t h w e s t  o f  t h e  c o n c e n t r a t i o n  o f
A N O R T H O S I T E S  I N THE BASS CREEK AREA I S  A T A B U L A R  A N O R T H O S I T E  
EXPOSED I N  THE B l G  CRE E K D R A I N A G E .  THE I N T E R V E N I N G  COUNTRY 
WAS NOT COVERED I N D E T A I L ,  BUT WAS E X A M I N E D  FOR ANORT HOS I T ES 
FROM S E V E R A L  V A N T A G E  P O I N T S .  C H A S E  ( 1 9 ^ ^ ,  ORAL  C O M M U N I C A ­
T I O N )  REP ORT S THE P R E S E N C E  OF A S M A L L  A N O R T H O S I T E  I N  G N E I S S
i n  t h e  B i g  C r e e k  d r a i n a g e  t o  t h e  n o r t h  o f  t h e  l a r g e  a n o r t h o ­
s i t e  s h o w n  i n  F i g u r e  7 *  O t h e r  t h a n  t h i s  s m a l l  a n o r t h o s i t e
NONE H A V E  B E E N  R E P O R T E D  I N  T H I S  A R E A  B E T W E E N  K O O T E N A I  C R E E K
a n d  B i g  C r e e k . I f t h i s  a r e a  h a d  b e e n  c o v e r e d  i n  a s  m u c h  
d e t a i l  a s  Ba s s  C r e e k  C a n y o n  a r e a , s m a l l  a n o r t h o s i t e s  w o u l d
P R O B A B L Y  H A V E  B E E N  F O U N D .  H O WE V E R  I T  S E E M S  U N L I K E L Y  T H A T  ANY 
L A R G E  A N O R T H O S I T E S  A R E  E X P O S E D  I N  T H I S  A R E A .
T h e  a p p e a r a n c e  o f  t h e  l a r g e  a n o r t h o s i t e s  i n  t h e  f i e l d
AND I N T H I N  S E C T I O N  R E S E M B L E S  T HA T  OF THE S M A L L  A N O R T H O S I T E S  
P R E V I O U S L Y  D E S C R I B E D .  G E N E R A L L Y  THE AMOUNT OF B I O T I T E  PL US  
C H L O R I T E  I N THE A N O R T H O S I T E S  I N C R E A S E S  TOWARD THE C O NT A CT  
WI T H  THE S I L L I M A N I T E  G N E I S S .  C O N T A C T S  W I T H  THE S I L L I M A N I T E  
G N E I S S  ARE C O N C O R D A N T .  BECAUSE OF THE I N C R E A S E  I N M A F I C  M I N ­
E R A L S  I N THE A N O R T H O S I T E S  NEAR THE S I L L I M A N I T E  G N E I S S  C O N T A C T ,  
THE F O L I A T I O N  I S  MORE PRONOUNCED I N T H I S  A R E A ;  AND I T  I S

FIGURE 7 
S P E C IM EN  LOCATION MAP 
BIG C R E E K  C A N Y O N  
B I T T E R R O O T  RA NGE ,  MO N T A N A
0 . 5
4
ANORTH O S I T E
UNDIFFERENTI ATED GNEI SSES
? -
W E L L  D E F I N E D  C O N T A C T
I N F E R R E D  C O N T A C T
• 8 6 4  SPECI MEN LOCATION
ATT I TUDE OF FOLIATION
5 0 0 '  CONTOUR I N T E R V A L
CONTOURS FROM U. S. F S 
B I T T E R R O O T  N A T I O N A L  
F O R E S T  M A P
M A P  T R A C E D  FROM 
A E R I A L  P H O T O S
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U S U A L L Y  P A R A L L E L  T H A T  OF T HE  S I L L I M A N I T E  G N E I S S .  L A Y E R S  OF 
Q U I T E  M A S S I V E  S I L L I M A N I T E  G N E I S S  AND Q U A R T Z  M O N Z O N I T I C  G N E I S S  
OCCUR W I T H I N  T H E  A R E A  M A P P E D  A S  S I L L I M A N I T E  G N E I S S ,  WH ER E  I T  
I S  I N  C O N T A C T  W I T H  A N O R T H O S I T  E • T H E  M A S S I V E  L A Y E R S  I N  T HE  
S I L L I M A N I T E  G N E I S S  GRA DE  I N T O  MORE N E A R L Y  T Y P I C A L  S I L L I M A N I T E  
G N E I S S  I N  A D I R E C T I O N  AWAY FROM T H E  A N O R T H O S I T E • C O N C O R D A N T  
A M P H I B O L I T E  L A Y E R S  ARE  COMMON I N  T H E  S I L L I M A N I T E  G N E I S S  NEA R  
T HE A N O R T H O S I T E  C O N T A C T .  T H E  A M P H I B O L I T E  L A Y E R S  MAY A L T E R ­
N A T E  W I T H  Q U A R T Z  M O N Z O N I T I C  L A Y E R S .
T h e  c o n c o r d a n t  n a t u r e  o f  t h e  s i l l i m a n i t e  g n e i s s -
A N O R T H O S I T E  C O N T A C T  CAN BE R E A D I L Y  S E E N  I N  T HE  A N O R T H O S I T E
e x p o s e d  i n  B i g  C r e e k  C a n y o n .  H e r e  t h e  a n o r t h o s i t e  o c c u r s
AS A T A B U L A R  BODY O V E R L A I N  AND U N D E R L A I N  BY S I L L I M A N I T E
g n e i s s .  T h e  a n o r t h o s i t e  e x p o s e d  i n  t h e  K o o t e n a i  C r e e k  d r a i n ­
a g e  I S  A L S O  G E N E R A L L Y  C O N C O R D A N T  TO T H E  S U R R O U N D I N G  S I L L I M A N ­
I T E  G N E I S S .  T h e  l a t t e r  a n o r t h o s i t e  i s  o v a l  r a t h e r  t h a n  
E L O N G A T E  I N  O U T C R O P .
T h e  e a s t e r n m o s t  a n o r t h o s i t e  e x p o s e d  i n  B a s s  C r e e k  
C a n y o n  h a s  a  s i m i l a r  c o n c o r d a n t  s i l l i m a n i t e  g n e i s s  c o n t a c t
A B O V E  I T ,  BUT T HE  LOWER B O U N D A R Y  OF T H I S  A N O R T H O S I T E  I S  NOT
e x p o s e d .  I n P l a t e  2  t h e  c o n c o r d a n t  r e l a t i o n  b e t w e e n  a n o r t h -  
O S I T E S  AND S I L L I M A N I T E  G N E I S S  I S  SHOWN BY T H E  A P P A R E N T  D I P S  
P L O T T E D  ON T H I S  P R O J E C T I O N .
M u c h  r o c k  o f  q u a r t z  m o n z o n i t i c  c o m p o s i t i o n  i s  a s s o c i ­
a t e d  W I T H  T HE L A R G E  A N O R T H O S I T E S  W H I C H  WERE S T U D I E D  I N  
D E T A I L .  F o r  i n s t a n c e  a  l a r g e  o u t c r o p  o f  t h i s  g n e i s s  o c c u r s
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TO T HE  WE ST  OF AND I N  C O N T A C T  W I T H  T H E  A N O R T H O S I T  E F O U N D  I N  
T HE  E A S T E R N  P O R T I O N  OF T H E  B A S S  C R E E K  D R A I N A G E .  A N O T H E R  
L A R G E  Q U A R T Z  M O N Z O N I T I C  B ODY I S  L O C A T E D  B E T W E E N  T H E  TWO 
A N O R T H O S I T E S  SHOWN I N  P L A T E  2 .  T H E  Q U A R T Z  M O N Z O N I T I C  G N E I S S ,  
H O W E V E R ,  I S  I N  C O N T A C T  W I T H  S I L L I M A N I T E  G N E I S S  R A T H E R  T H A N  
T HE  A N O R T H O S I T E S  .
T y p i c a l l y  t h e  c o n t a c t  b e t w e e n  t h e  a n o r t h o s i t e s  a n d
Q U A R T Z  M O N Z O N I T I C  G N E I S S  I S  V E R Y  S H A R P  E V E N  WHEN E X A M I N E D  I N  
T H I N  S E C T I O N .  ON A F R E S H  E X P O S U R E  T H E S E  C O N T A C T S  A R E  R E A D I L Y  
O B S E R V E D  B E C A U S E  OF T HE  C O N T R A S T  B E T W E E N  T H E  W H I T E  A N O R T H O -  
S I T E  A N D  GRAY Q U A R T Z  M O N Z O N I T I C  G N E I S S .  I N  T H E  W E S T E R N  P O R ­
T I O N  OF T HE  L A R G E S T  A N O R T H O S I T E  E X P O S E D  I N  B A S S  C R E E K  C A N Y O N
( P l a t e  1 ) ,  t h e r e  i s  m u c h  q u a r t z  m o n z o n i t i c  g n e i s s  m i x e d  i n
W I T H  T H E  A N O R T H O S I T E • A L L  C O N T A C T S  O B S E R V E D  B E T W E E N  T H E  TWO 
ROCK T Y P E S  A R E  S H A R P .  AN I N C R E A S E  I N  A M O U N T  OF T H E  G N E I S S  
M I X E D  I N  W I T H  T HE  A N O R T H O S I T  E I S  F O U N D  I N  G O I N G  TO T H E  W E S T ,  
AND T HE  W E S T E R N  C O N T A C T  OF T H I S  A N O R T H O S I T  E I S  L O C A T E D  WHERE 
Q U A R T Z  M O N Z O N I T I C  G N E I S S  P R E D O M I N A T E S  O V E R  A N O R T H O S I T E .  TO 
T HE  WEST  OF T H I S  B O U N D A R Y  S M A L L  A N O R T H O S I T E S  A R E  S U R R O U N D E D  
BY Q U A R T Z  M O N Z O N I T I C  G N E I S S .  H O WE V E R  T H E R E  I S  A G R A D U A L  
D E C R E A S E  I N  T HE  A B U N D A N C E  OF T H E S E  A N O R T H O S I T E S  TO T H E  W E S T ,  
AND NO A N O R T H O S I T E S  A R E  F OU N D  W I T H I N  T H E  Q U A R T Z  M O N Z O N I T I C  
G N E I S S  MORE T H A N  S E V E R A L  H U N D R E D  F E E T  TO T H E  WE ST  OF T HE  
A N O R T H O S I T E  -  Q U A R T Z  M O N Z O N I T I C  G N E I S S  B O U N D A R Y  SHOWN I N
P l a t e  1 .
A W E L L  E X P O S E D  C O N T A C T  B E T W E E N  Q U A R T Z  M O N Z O N I T I C  G N E I S S
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AND A N O R T H O S I T E  CAN BE OB S ERV E D AT L O C A T I O N  # 7 8 8  ( F I G U R E  8 ) e
S p e c i m e n s  # 8 8 8 ,  # 8 9 0 ,  a n d  # 8 9 1  f r o m  t h i s  o u t c r o p  a r e  t y p i c a l
QUA RT Z  M O N Z O N I T I C  G N E I S S  AND C O N T A I N  O L I G O C L A S E  OF A N 29  OR
A n ^ q  c o m p o s i t i o n .  S p e c i m e n  # 8 8 7  o f  a n o r t h o s i t e  c o n t a i n s
P L A G I O C L A S E  OF AN A V E RA GE  C O M P O S I T I O N  OF A N ^ g  AND A P P E A R S  
T Y P I C A L  FOR A N O R T H O S I T E .  BL OCKS OF A N O R T H O S I T E  ARE S U R ­
ROUNDED BY QU A R T Z  M O N Z O N I T I C  G N E I S S  I N  THE E A S T E R N  PA RT  OF 
THE OU T C R O P .  THE B L OCKS MAY BE I N C L U S I O N S  OF A N O R T H O S I T E  
W I T H I N  THE QU A R T Z  M O N Z O N I T I C  G N E I S S .  AN A P O P H Y S I S  OF QU A R T Z  
M O N Z O N I T I C  G N E I S S  E X T E NDS  I N T O  THE A N O R T H O S I T E  I N  THE L E F T  OF
F i g u r e  8 .  T h e  a p o p h y s i s  d o e s  n o t  h a v e  c l e a r  c u t  c o n t a c t
R E L A T I O N S  WI T H  THE A N O R T H O S I T E  AND CANNOT BE T RACE D MORE THAN 
ABOUT TEN F E E T  W I T H I N  THE A N O R T H O S I T E .  WHAT M I G H T  BE I N T E R -  
P R E T A T E D  AS AN A P O P H Y S I S  OF A N O R T H O S I T E  W I T H I N  THE QU A R T Z  
M O N Z O N I T I C  G N E I S S  I S  L O C A T E D  BELOW S P E C I M E N  L O C A T I O N S  # 8 9 0
a n d  8 9 1 . B e c a u s e  o f  t h e  s h a p e  o f  t h e  o u t c r o p  t h i s  f e a t u r e
CANNOT BE TRACED TO THE E A S T .
T h e r e  a r e  n u m e r o u s  q u a r t z  m o n z o n i t i c  p a t c h e s  w i t h i n  t h e
TWO LARGE A N O R T H O S I T E S  SHOWN I N  P L A T E  2 .  T H E S E  P A T C H E S  ARE 
C H A R A C T E R I S T I C  OF THE LARGE A N O R T H O S I T E S  AND DO NOT SEEM TO 
BE Z O N A L L Y  ARRANGED W I T H I N  T H E M .  T H E Y  DO HOWEVER SEEM TO BE 
CON C E N T RA T E D  I N C E R T A I N  P O R T I O N S  OF THE A N O R T H O S I T E S .  FOR 
I N S T A N C E ,  I N THE E A ST E RN A N O R T H O S I T E  SHOWN I N P L A T E  2 THERE 
I S  MUCH QU A R T Z  M O N Z O N I T I C  G N E I S S  I N  THE LOWER P O R T I O N  OF THE
e x p o s u r e .  C o n t a c t s  b e t w e e n  t h e  a n o r t h o s i t e  a n d  q u a r t z  m o n z o ­
n i t i c  G N E I S S  ARE SHARP AND I R R E G U L A R  AS SHOWN I N ( P L A T E  4 ,
E a s t
A N O R T H O S ! TE
Q U A R T Z  
M O N Z O N I T I C  
G N E I S S
38? #
888 •
Q U A R T Z  
MONZ ON  I T I C 
G N E I S S
391
A N O R T H O S I T E
10 1
SO I L C O V E R
F i g .  8 .  S c h e m a t i c  s k e t c h  s h o w i n g  r e l a t i o n  b e t w e e n  q u a r t z  
M O N Z O N I T I C  G N E I S S  AND A N O R T H O S I T E  I N  B A S S  C R E E K  C A N Y O N .  
S e e  P l a t e  1 f o r  l o c a t i o n  o f  s k e t c h .
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F i g u r e  2 . )  I n s o m e  i n s t a n c e s  b i o t i t e  c o n c e n t r a t i o n s  w i t h i n
THE A N O R T H O S I T E  R E S E M B L E  THE Q U A R T Z  M O N Z O N I T I C  P O R T I O N S .
T h e  s k e t c h  o f  s p e c i m e n  # 1 5 8  i n  F i g u r e  s h o w s  a t y p i ­
c a l  SHARP C O N T A C T  BETWEEN QU A R T Z  M O N Z O N I T I C  G N E I S S  AND  
A N O R T H O S I T E • S P E C I M E N  # 3 0 6  SHOWN I N F I G U R E  9 B  I L L U S T R A T E S  A 
D I F F E R E N T  S I T U A T I O N .  I N T H I S  S P E C I M E N  I R R E G U L A R  C L O T S  OF 
A N O R T H O S I T E  ARE FOUND W I T H I N  Q U A R T Z  M O N Z O N I T I C  G N E I S S .
A l t h o u g h  i n  h a n d  s p e c i m e n  t h e  n o n - a n o r t h o s i t i c  p o r t i o n  o f
T H I S  S P E C I M E N  A P P E A R S  QU A R T Z  M O N Z O N I T I C  I N  C O M P O S I T I O N ,  A 
PART OF I T  E X A M I N E D  I N  T H I N  S E C T I O N  WAS FOUND TO C O N T A I N  NO 
PERTH I T E .  T h i s  CAN A L S O  BE SEEN I N THE S K E T C H  OF THE S T A I N E D  
S L A B  I N WHI CH THE POT A S H F E L D S P A R  I S  SHOWN I N  B L A C K .  A MODAL  
A N A L Y S I S  OF THE O U T L I N E D  P O R T I O N  OF T H I S  S P E C I M E N  SHOWED T HAT  
I T  C O N S I S T S  OF 2 1 #  Q U A R T Z ,  6 1 #  P L A G I O C L A S E  ( A N ^ g ) ,  AND 1 Qi 
B I O T I T E .  ON THE B A S I S  OF T H I S  MODAL  A N A L Y S I S  T H I S  P O R T I O N  OF 
THE S P E C I M E N  CAN BE C O N S I D E R E D  A B I O T I T E  AND Q U A R T Z  R I C H  
P O R T I O N  OF THE A N O R T H O S I T  E WH I C H  A P P A R E N T L Y  GRADES I N T O  A 
POT A S H F E L D S P A R  B E A R I N G  R O C K .  T H I S  S T R I K I N G  CHANGE I N  M I N E R ­
AL OGY OVER A D I S T A N C E  OF A FEW CM I S  C H A R A C T E R I S T I C  OF MANY 
S P E C I M E N S  FROM THE A N 0 R T H 0 S I T E S .
I n t h i n  s e c t i o n  s e c t i o n s  a l l  o f  t h e  a n o r t h o s i t e  i s
S E R I A T E  AND G E N E R A L L Y  C O N T A I N S  P H E N O C R Y S T S  OF 2 -  MM I N 
D I A M E T E R ,  AL T H OU GH  I N RARE C AS E S P L A G I O C L A S E  P H E N O C R Y S T S  HAVE 
A D I A M E T E R  AS GREAT AS 2 5  MM.  F I G U R E  4  OF P L A T E  3 I S  A 
P H OT O MI C R O G R A P H  OF A T Y P I C A L  A N O R T H O S I T E  T H I N  S E C T I O N  WH I C H  
SHOWS A HYP I D I O M O R P H I C  GRANUL A R T E X T U R E .  A FEW S P E C I M E N S
QUA RT Z  
M O N Z O N I T I C  
G N E I S S
f *  I
A N C R T H O S I T E
S p e c i m e n  # 1 5 8
2 0  MM |
A
QU A R T Z
M O N Z O N I T  I C 
G N E ! SS
. A N O R T H O S I T E
T ON A L  I TE \  /_/  ' f
A N O R T H O S ! TE
S p e c i m e n  f fJ06
c
F i g u r e  9 *  C o n t a c t s  b e t w e e n  a n o r t h o s i t e  a n d  q u a r t z  m o n z o -  
n i t  i c g n e i s s .
T r a c i n g s  o f  s l a b s  s t r a i n e d  f o r  K i o n . P o t a s h  f e l d s p a r  s h o w n
BY B L A C K ,  C H L O R I T E  AND B I O T I T E  I N A N O R T H O S I T E  SHOWN BY B L A C K
l i n e s .  Mo d a l  a n a l y s i s  r e p o r t e d  f o r  s p e c i m e n  # 3 0 6  i s  f r o m  
CROS S HA T CH E D  A R E A .
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CONT A I N  P L A G I O C L A S E  GRAINS WITH BENT TWIN L A M E L L A E  AND F R A C ­
TURED GRAINS, BUT SUCH C A T A C L A S T I C  EFFECTS ARE RARE*
Q u a r t z  is f o u n d  in a l l  e x c e p t  t h r e e  o f  t h e  a n o r t h o s i t e  
THIN SECTIONS* (SEE T A BLE 10 FOR A N O R T H O S I T E  MODES*) IT 
RANGES IN AMOUNT FROM A TRACE TO A P P R O X I M A T E L Y  AND MOST
OF IT OCCURS I NTERST I T I ALLY TO THE P L A G I O C L A S E *  SOME Q U A R T Z  
ALSO OCCURS AS ROUN D E D  BLEBS WITHIN P L A G I O C L A S E  P H E N O C R Y S T S  
AND IN SMALL VEINLETS. NINE OF THE E X A M I N E D  S P E C I M E N S  C O N ­
TAIN MORE THAN 6% QUARTZ, AND ALL EXCEPT TWO OF THESE WERE 
C O L L E C T E D  A D J A C E N T  TO THE S I L L I M A N I T E  GNEISS OR NEAR A QUARTZ 
M O N Z O N I T I C  POD W I T H I N  THE A N O R T H O S I T E .  C O M P O S I T I O N  OF 
P L A G I O C L A S E  IN THOSE S P E C I M E N S  WITH A HIGH Q U A R T Z  C O N T E N T  IS 
ABOUT THE SAME AS THAT FOR THE O T HER A N O R T H O S I T E  S P E C IMENS.
M y r m e k i t e  w a s  o b s e r v e d  in t h r e e  s p e c i m e n s ; a l l  c o l l e c t e d
FROM THE LARGE A N O R T H O S I T E  BODIES SHOWN IN PLATE 2.
A TYPI C A L  A N O R T H O S I T E  S P E C I M E N  C O N T A I N S  ABOUT 9%% 
PLAGIOC L A S E ,  RANG I N G  IN C O M P O S I T I O N  FROM ANDES IN E TO LABRA- 
DORITE. FEW S P E C I M E N S  DO NOT C O N T A I N  THIS WIDE C O M P O S I T I O N A L  
RANGE, AND WITHOUT SUCH A RANGE ARE EITHER LIMI T E D  TO THE 
ANDES I N E C O M P O S I T I O N  (RARE), OR ELSE ARE C O M P O S E D  OF BYT OWN IT E 
(A N 85 USUALLY^* THE SPEC I M E N S  C O N T A I N I N G  BYT OWN IT E WERE C O L ­
LECTED A D J A C E N T  TO A M P H I B O L I T E  PODS. THE V A R I A T I O N  IN 
A N O R T H I T E  CONT E N T  OF THE P L A G I O C L A S E  WITHIN ONE THIN SECTION 
IS PART I A L L Y  A T T R I B U T A B L E  TO THE STRONG ZONING, BUT TO A 
GREATER EXTENT TO THE P R ESENCE OF INDIVIDUAL GRAINS OF WIDELY 
VARYING C O M P O S I T I O N .  THERE DOES NOT SEEM TO BE ANY
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T a b l e  1 0 .  M o d a l  A n a l y s e s  o f  A n o r t h o s i t i c  S p e c i m e n s
E C 1 M E N 
M 1 N E R A L # 1 5 # 1 6
M o d a l  % 
# 1 7  . # 2 3
Q u a r t z  
P L A G 1O C L A S E
TR .
9 7 i
TR . T R  .
9
TR . T R .
9 8 ^
C o m p , o f  P l a g .
A v e r a g e  C o m p , 
o f  P l a g .
A n 2 9 - 5 7
A n , ^  
^ 3 *
An 3 8 - 5 ^
A n . .
^ 6
An 3 ^ - 6 6
A n „ .  ^ 5 4 *
An 3 5 _ 7 7
A n 5 0 *
An 3 9 - 6 4  
A n .  ,  ^41  *
P o t a s h  F e l d s p a r T R . TR .
B 1 OT 1t e  
C h l o r 1TE
1 % 
2%
TR . 
2%
TR . TR . TR .
M u s c o v 1TE TR . TR . TR .
S 1 L L 1 MAN 1TE
C l  1 N O Z O 1 S 1 TE TR . TR . TR . TR . TR .
R u t i l e
Z 1 RCON TR .
A P A T  1 TE
S p h e n e
O p a q u e TR . TR .
A v e r a g e  c o m p o s i t i o n  o f  p l a g i o c l a s e  i s  b a s e d  o n  a n  a v e r a g e  o f
O P T I C A L  D E T E R M I N A T I O N S  E X C E P T  F O R  S P E C I M E N S  M A R K E D  W I T H  A N  
A S T E R I S K  W H I C H  WE R E  C A L C U L A T E D  F R O M  P A R T I A L  C H E M I C A L  
A N A L Y S E S .  TWO A S T E R I S K S  I N D I C A T E S  E S T I M A T E D  M O D E .
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T a b l e  1 0 .  ( C O N T . )
e c I m e n  
M i n e r a l  — m m
M o d a l  % 
# 5 0 * * #51 # 5 2
Q u a r t z 5% 7 % TR . 7 % TR .
P l a g 1OC L A SE 9 5 % 7 2 % 9 5 % 8 1 # 9 7 %
C o m p , o f  P l a g .
An# 6 - 73 An 2 6 - 8 0 An# 2 - 6 ^ AN 2 7 - 5 9 An 3 8 - 5 7
A v e r a g e  C o m p , 
o f  P l a g .
A n 5 5 * A n 6 2 * A n 5 0 * An^ q *
P o t a s h  F e l d s p a r
B 1O T 1t e 2 0 % 3% 1 2%
C h l o r 1TE TR . \% 2% m. 2%
M u s c o v 1TE TR . m. TR .
S 1L L 1 MAN 1TE
C l  1N O Z O 1S 1TE T R . TR . TR . TR . TR .
R u t i l e
Z 1RCON
A P A T 1TE TR .
S p h e n e
O p a q u e
T a b l e  1 0 . ( C o n t . )
^ S p e c i m e n  
M i n e r a l #87 #88
M o d a l  %  
#89 # 11 0 # 1 1 3
Q u a r t z T R  . T R  . H 3 9 % T R  .
P l a g 1 O C L A S E 9 9 % 9 6j f 9 6fc 6}% 9 6 ^
C o m p ,  o f  P l a g . A n ^  .
3 1 - 6 7 AN3 5 - 6 7
A n  . 
2 6 - 6 9 # n 2 6 - 3 6 AN2 7 - 6 9
A v e r a g e  C o m p ,  
o f  P l a g .
AN5 1 * AnZj4 A N i4 , g * # n 36 An5 3 *
P o t a s h  F e l d s p a r T R  .
B 1 O T  1 t e T R  . T R  . T R  .
C h l o r 1 T E 1^ 0 0 /JA> T R . T R  . H
M u s c o v 1 T E T R  . T R  .
S 1 L L 1 M A N  1 T E
C l  1 N O Z O 1 S 1 T E T R  . T R  . T R  . T R  . T R  .
R u t i l e
Z 1 R C O N T R  .
A P A T  1 T E
S p h e n e T R  . T R  .
O p a q u e T R  . T R  . T R  .
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T a b l e  1 0 .  ( C O N T . )
P E C 1 M E N
M i n e r a l # 1 1 5 # 1 1 9
Mo d a l  #  
# 1 2 0 # 1 2 1 #1 50
QUARTZ TR . TR . 3 # 2%
P L A G 1OCLASE 9 7 # 9 8 # 9 2 # 8 9 # 9 ^ #
Co m p , o f  P l a g . A n 3 5 - 6 2 A n 1t2 - 6 9 A n 2 8 - 6 9 A n 3 9 - 8 5 A n 3 8 —69
A v e r a g e  Co m p , 
o f  Pl a g .
A n 5 2 * A n 5 6 * A n 5 3 * AN61 * A n 4 6 *
P o t a s h  F e l d s p a r
B 1O T 1t e TR . TR . 5 # 1 #
C h l o r 1TE 2 # 2% k% 5 #
MUSCOV1TE TR.
S 1 L L 1 MAN I TE
C l  1NOZO1S 1TE T R . TR . TR . TR . TR .
Ru t i l e
Z 1RCON
APAT 1 TE
S p h e n e T R .
Op a q u e TR .
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T a b l e  1 0 .  ( C O N T . )
P E C I M E N 
^ .
M o d a l  %
M i n e r a l #1 & # 1 9 5 * * # 2 0 7 # 2 0 9 # 2 1  1
Q u a r t z 2% TR . TR o 3 i 1 0%
P l a g 1OCL ASE 8 9% 95% 9 6 % 9 6% 19%
C o m p ,  o f  P l a g .
A N 3 9 - 5 9 A N 3 8 - 6 1 A n 25 - 6 ^ A n 2 6 - 6 4 A n 25 - 5 6
A v e r a g e  C o m p , 
o f  P l a g .
Ais% 7 A n 4 5 a ^ 6 A n 5 u *
Po t a s h  F e l d s p a r
B 1O T 1t e T R . TR . T R . 1%
C h l o r 1TE 8 % 5% 3% 1% 3%
M U S C O V 1TE T R . m . TR .
S 1 L L 1 MAN 1 TE
C l  1N O Z O 1S 1TE \% TR . TR . TR . T R a
R u t i l e
Z 1RCON T R .
AP A T  1 TE
S p h e n e
O p a q u e TR .
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T a b l e  1 0 .  ( C O N T . )
^ S P E C 1 MEN M o d a l  %
M i n e r a l # 2 2 7 # 27 5 # 3 0  6 # 3 2 8 # 3 2 9
Q u a r t z TR . 2% 21 % 1%
P l a g 1OC L A S E 95%> 9 6 % 61% 9 6 % 9 7 %
C o m p , o f  P l a g .
A n 3 ^ 6 a n 2 3 - 6 7 A n 3 0 - 6 4 A n ^ 6 - 5 4 A % 6 - 6 4
A v e r a g e  C o m p , 
o f  P l a g . A n 3 9 a % 6 A n 4 8 A > * % 8 *
P o t a s h  F e l d s p a r H TR .
B 1O T 1t e TR . TR .
CO TR .
C h l o r 1TE TR . 2% TR . 2% 2%
M U S C O V 1TE TR . J R . TR .
S 1L L 1 MAN 1TE
C l  1 N O Z O 1S 1 TE TR . J R . TR . TR . TR .
R u t i l e TR .
Z 1RCON TR .
AP A T  1 TE TR . T R .
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c o r r e l a t i o n  BETWEEN S I Z E  OF G R A I N  AND C O M P O S I T I O N  OF THE  
G R A I N  W I T H I N  THE A N O R T H O S I T E  T H I N  S E C T I O N S  E X A M I N E D .
Z o n i n g  i s  u s u a l l y  n o r m a l  o r  n o r m a l  o s c i l l a t o r y .
R e v e r s e  z o n i n g  w a s  o b s e r v e d  i n  a f e w  i n s t a n c e s . I t  i s  n o t
UNUS UA L  TO F I N D  NORMAL AND NORMAL O S C I L L A T O R Y  Z O N I N G  W I T H I N  
THE SAME T H I N  S E C T I O N .  B O U N D A R I E S  BETWEEN ZONES ARE I N  MOST 
I N S T A N C E S  POORLY D E F I N E D ,  AND I N MOST G R A I N S  A S EQUENCE OF 
ZONES I S  D E V E L O P E D  ON ONLY ONE S I D E  OF THE G R A I N .  SOME 
G R A I N S  WERE OB SE RV ED I N WHI CH T HERE ARE TWO OR T HRE E P O R T I O N S  
OF THE SAME C O M P O S I T I O N  SURROUNDED BY A MORE SOD I C Z O N E .
W i t h i n  m a n y  g r a i n s  t h e r e  i s  p a t c h y  e x t i n c t i o n  w h i c h  d o e s  n o t
A P P E A R TO BE C R Y S T A L L 0 G R A P H I C A L L Y  R E L A T E D  TO THE T W I N S .  I F
THE v a r i a t i o n  i n  e x t i n c t i o n  p o s i t i o n  d o e s  r e p r e s e n t  a  c o m p o ­
s i t i o n a l  V A R I A T I O N ,  I T  I S  C E R T A I N L Y  OF AN I R R E G U L A R  N A T U R E .  
P o t a s h  f e l d s p a r  i n c l u s i o n s  o f  c u b i c a l  o r  i r r e g u l a r
SHAPE WERE OB S ERV E D W I T H I N  THE P L A G I O C L A S E  I N 11 OF THE 6 6  
E X A M I N E D  A N O R T H O S I T  E T H I N  S E C T I O N S .  THE I N C L U S I O N S  ARE NOT 
AS COMMON I N THE A N O R T H O S I T E  AS I N THE T ON A L  I T E .  THE AVERAGE 
C O M P O S I T I O N  OF THE P L A G I O C L A S E  I N T HOSE S P E C I M E N S  W I T H  POTA SH 
F E L D S P A R  I N C L U S I O N S  I S  A N ^ y ,  BUT FOR T HOSE S P E C I M E N S  WI T H O U T  
THE I N C L U S I O N S  I T  I S  A N rj j . T H I S  C O M P A R I S O N  T OGE T HE R WI T H  
T H E I R  GREA T ER A B UNDA NCE I N THE T ONAL  I T E SUGGE ST S T HAT  T H E I R  
PRE SE NCE  I S  R E L A T E D  TO THE C O M P O S I T I O N  OF THE P L A G I O C L A S E .
Ho w e v e r , i n  o n l y  a f e w  i n s t a n c e s  a r e  t h e  i n c l u s i o n s  f o u n d  t o
BE C O N F I N E D  TO ONE C O M P O S I T I O N A L  ZONE I N A ZONED P L A G I O C L A S E
g r a i n . Oc c a s i o n a l l y  t h e y  a r e  f o u n d  c o n c e n t r a t e d  i n  t h e
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c e n t r a l  P O R T I O N  OF AN U N Z O N E D  G R A I N ,  B U T  MORE C O M M O N L Y  T H E Y  
A R E  E I T H E R  S C A T T E R E D  T H R O U G H O U T  A G R A I N  OR C O N C E N T R A T E D  I N  
ONE P O R T I O N  OF I T  W I T H O U T  R E G A R D  TO C O M P O S I T I O N A L  Z O N A T I O N .
T w i n n i n g  o f  p l a g i o c l a s e  a c c o r d i n g  t o  t h e  a l b i t e  t w i n
L A W I S  C O M M O N .  C A R L S B A D  T W I N N I N G  O C C U R S  I N  A D D I T I O N  TO 
A L B I T E  T W I N N I N G  I N  MA N Y  G R A I N S ,  A N D  SOME G R A I N S  A P P E A R  TO BE 
T W I N N E D  A C C O R D I N G  TO T H E  P E R I C L I N E  L A W .
A l l  o f  t h e  e x a m i n e d  a n o r t h o s i t e  t h i n  s e c t i o n s  c o n t a i n
C H L O R I T E  W H I C H  I S  E V I D E N T L Y  AN A L T E R A T I O N  P R O D U C T  OF B I O T I T E .
T h e  c h l o r i t e  s h o w s  a  b r i g h t  b l u e  i n t e r f e r e n c e  c o l o r  w h i c h  i s
C H A R A C T E R I S T I C  OF T H E  M A G N E S I U M  C H L O R I T E ,  P E N N I N I T E .  A S S O ­
C I A T E D  W I T H  T H E  B I O T I T E  AND C H L O R I T E  A R E  R U T  I L  E A N D  C L I N -  
O Z O I S I T E .  C L I N O Z O I S I T E  O C C U R S  AS S M A L L  G R A I N S  A N D  E L O N G A T E  
M A S S E S  A L O N G  T H E  C L E A V A G E  OF C H L O R I T E .  I N  MOS T  T H I N  S E C T I O N S  
T H E  B I O T I T E  I S  F O U N D  TO BE P L E O C H R O I C  I N  C O L O R S  F R O M T A N  TO 
D A R K  R E D D I S H  B R O W N .  G A R N E T S  WERE F O U N D  I N  F O U R  S P E C I M E N S  
F ROM T H E  L A R G E  A N 0 R T H 0 S I T E S . T H R E E  OF T H E S E  G A R N E T I F E R O U S  
S P E C I M E N S  WERE C O L L E C T E D  W I T H I N  A P P R O X I M A T E L Y  2 0 0  F E E T  OF 
T H E  C O N T A C T  W I T H  S I L L I M A N I T E  G N E I S S .
I n o r d e r  t o  e s t i m a t e  t h e  c o m p o s i t i o n a l  v a r i a t i o n  o f  
T H E S E  A N O R T H O S I T E S  O V E R  A S H O R T  D I S T A N C E ,  A S P E C I M E N  3 0  
I N C H E S  L O N G  A N D  S E V E R A L  I N C H E S  I N  T H I C K N E S S  A N D  W I D T H  WAS 
C O L L E C T E D  F ROM L O C A T I O N  # 8 7 5  ( S E E  P L A T E  2 ) .  F I G U R E  1 0  I S  AN  
O U T L I N E  OF T H I S  S P E C I M E N  ON W H I C H  T H E  L O C A T I O N S  OF F O U R  T H I N  
S E C T I O N S  AND P O I N T S  F ROM W H I C H  S A M P L E S  WERE T A K E N  F OR  C H E M I ­
C A L  A N A L Y S I S  A R E  S H O W N .  T H E  Q U A R T Z  C O N T E N T  I N  T H I S  S P E C I M E N
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F i g u r e  10 S k e t c h  o f  s p e c i m e n  8 7 5  r e d u c e d  t o  1 / 2  n a . t u r a l  s i z e .  Q u a r t z  c o n t e n t  e s t i m a t e d
on e t c h e d  s l a b s  a n d  s h o w n  by  c o n t o u r  l i n e s .  C h l o r i t e  a n d  b i o t i t e  r e p r e s e n t e d  b y  d a s h e s .
L o c a t i o n s  of  t h i n  s e c t i o n s  a n d  s a m p l e s  a n a l y z e d  f o r  N a 2 0 ,  C a O ,  o n d  K 2 0  s h o w n  by
r e c t a n g l e s .  S e e  P l a t e  2 f o r  l o c a t i o n  o f  s p e c i m e n  8 7  5 .
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WAS E S T I M A T E D  I N  S L A B S  OF THE A N O R T H O S I T E  WH I C H  HAD BEEN 
ETCHED BY H F ,  TO D I S T I N G U I S H  QU A R T Z  FROM P L A G I O C L A S E  . AS CAN 
BE SEEN FROM THE D R A W I N G ,  T HERE I S  A L ARGE V A R I A T I O N  I N 
QU A R T Z  C O N T E N T .  T H E R E  ARE S M A L L  Z ONES OF H I G H  QU A R T Z  C O N C E N ­
T R A T I O N  WH I C H  ARE CONCORDANT  I N  TWO D I M E N S I O N S  TO THE F O L I A ­
T I O N  OF THE R O C K .  A S L I G H T  V A R I A T I O N  I N C O M P O S I T I O N  OF 
P L AG I O C L A S E  I S  FOUND BY C O M P A R I N G  NA2O AND C a O A N A L Y S E S  FOR 
S A MP L E S  T A K E N  FROM D I F F E R E N T  L O C A T I O N S  OF THE S P E C I M E N .  T H I S  
S P E C I M E N  I L L U S T R A T E S  THE P ROB L E M E NCOU N T E R E D  I N  L O O K I N G  FOR 
C O M P O S I T I O N A L  Z O N A T I O N  W I T H I N  ONE OF THE L A RGE  A N O R T H O S I T E
b o d i e s .  E v i d e n t l y  t h e r e  i s  c o m p o s i t i o n a l  v a r i a t i o n  o v e r
R E L A T I V E L Y  SHORT D I S T A N C E  W I T H I N  OU T CROP S OF THE A N O R T H O S I T E  
WHI CH A P P E A R  HOMOGENEOUS I N THE F I E L D .  A C H E M I C A L  A N A L Y S I S  
OF A P O R T I O N  OF T H I S  S P E C I M E N  I S  G I V E N  I N T A B L E  2 ,  AND THE 
NORM I S  G I V E N  I N T A B L E  3 *
S p e c i m e n  # 1 ^0  ( P l a t e  1 ) ,  c o l l e c t e d  f r o m  t h e  e a s t e r n m o s t  
A N O R T H O S I T E  EX POS E D I N BASS CREEK C A N Y O N ,  A P P E A R S  T Y P I C A L  OF 
T H E S E  A N O R T H O S I T E S , EX C E P T  T HA T  I T  C O N T A I N S  A M I A R O L I T I C
c a v i t y . T h i s  c a v i t y  w a s  l i n e d  w i t h  e u h e d r a l  c r y s t a l s  o f
ANDES I N E ( A N / j , ^ ) ,  AND THE ANDES I N E I N THE S P E C I M E N  A FEW 
C E N T I M E T E R S  FROM THE C A V I T Y  I S  OF ABOUT  THE SAME C O M P O S I T I O N  
( A N ^ j ) *  A MORE S T R I K I N G  D I F F E R E N C E  E X I S T S  BETWEEN THE O R T H O -  
C L A S E  CONT ENT  OF THE ANDES I N E FROM THE M I A R O L I T E  AND T H A T  OF 
THE S U R R O U N D I N G  A N O R T H O S I T E .  T H E R E  I S  1 2 . 1  W T . % O R T H O C L A S E  
I N THE FORMER AND 8 . 8  W T . % I N THE L A T T E R ,  BOTH OF WH I C H  ARE 
C O N S I D E R A B L Y  H I G H E R  THAN THE \ %  O R T H O C L A S E  T Y P I C A L  OF THE
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A N A L Y Z E D  ANDES I N E S .
A l t h o u g h  n u m e r o u s  m i a r o l i t i c  a l b i t e  v e i n s  a r e  p r e s e n t
W I T H I N  THE A N O R T H O S I T E S , T HEY ARE OF D I F F E R E N T  OCCURRENCE 
THAN T HAT  OF S P E C I M E N  # 7 4 0 .  ! N S P E C I M E N  # 7 4 0  I T  A P P E A R S  
T HAT  THE M I A R O L I T E  OCCURS W I T H I N  THE A N O R T H O S I T E  PROPER AND 
I S  NOT A L A T E  V E I N ,  FOR THE F O L L O W I N G  R E A S O N S :
1 )  T h e r e  i s  n o  t e x t u r a l  c h a n g e  b e t w e e n  t h e  r o c k  s u r ­
r o u n d i n g  THE M I A R O L I T E  AND THE T Y P I C A L  A N O R T H O S I  T E •
2 )  T h e  c o m p o s i t i o n  o f  t h e  a n d e s i n e  i n  t h e  m i a r o l i t e  i s
E S S E N T I A L L Y  THE SAME AS T HA T  OF THE S U R R O U N D I N G  ANORT HOS  I T E •
3 )  T h e  t h e r m a l  s t a t e  o f  t h e  a n d e s i n e  i n  t h e  m i a r o l i t e  
I S  e s s e n t i a l l y  t h e  s a m e  a s  t h a t  o f  t h e  s u r r o u n d i n g  a n o r t h o -  
S I T E .
I n  A D D I T I O N  TO THE QU A R T Z  M O N Z O N I T I C  ZONES W I T H I N  THE 
L ARGER A N O R T H O S I T E S , T HERE ARE T ON A L  I T  I C Z O N E S .  T H E S E  ZONES 
ARE NOT R E A D I L Y  R E C O G N I Z A B L E  I N THE F I E L D  AND ARE I N F E R R E D  
ON THE B A S I S  OF S P E C I M E N S  WHI CH WERE THOUGHT TO BE A N O R T H O -  
S I T I C  I N  THE F I E L D ,  BUT I N  T H I N  S E C T I O N  WERE FOUND TO BE 
T O N A L I T I C .  T O N A L I T I C  PODS FOUND I N  THE S I L L I M A N I T E  G N E I S S  
AND NOT A S S O C I A T E D  WI T H  A N O R T H O S I T E S  HAVE THE SAME M I N E R A L O G Y  
AS THOSE FOUND I N  THE A N 0 RTHOS I TES . COMP 0 S I T I 0 N A L L Y  T HERE I S  
A C O N T I N U U M BETWEEN THE T ON A L  I T E S  AND A N O R T H O S I T E S  .  H OWE V E R,  
THERE I S  A D E F I N I T E  D I F F E R E N C E  I N POTASH F E L D S P A R  CONT E NT  
BETWEEN THE QUA RT Z  M O N Z O N I T I C  AND T O N A L I T I C  R O C K S .  T H E R E  I S  
L E S S  THAN 2% POTASH F E L D S P A R  I N THE T ON A L  I T E S  AS COMPARED TO 
AN AV ERA GE  OF 2 ~]% PERTH I T E I N  THE QU A R T Z  M O N Z O N I T E S .  ON THE 
B A S I S  OF THE T ONAL  I T E S  WHI CH WERE R E C O G N I Z E D  I N  THE F I E L D ,
THE CON T A C T S  BETWEEN T H I S  ROCK T YP E AND A N O R T H O S I T E S  ARE BOTH
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G R A D A T I O N A L  ( S P E C I M E N  # 1 4 )  A N D  S H A R P  ( S P E C I M E N  # 8 8 ) .
A S P E C I M E N  C O L L E C T E D  A T  L O C A T I O N  # 6 4 - 0  ( P L A T E  2 )  I S  
T O N A L I T I C .  I N  T H I S  P O R T I O N  OF  T H E  A N O R T H O S I T E  O U T C R O P  T H E R E
A R E  N U M E R O U S  Q U A R T Z  M O N Z O N I T I C  P A T C H E S .  A L E U C O C R A T I C  Z O N E
W I T H I N  Q U A R T Z  M O N Z O N I T I C  G N E I S S  A T  L O C A T I O N  # 8 3 0  I S  A L S O  
T O N A L I T I C .  T H E  P L A G I O C L A S E  I N  T H I S  S P E C I M E N  H A S  A W I D E  C O M ­
P O S I T I O N A L  R A N G E ,  F R O M  A N 2 7  T O  A N g ^  ( A V E R A G E  OF  A N ^ q ) .
T h e  t e x t u r e  o f  t h e  t o n a l i t e  i s  s i m i l a r  t o  t h a t  o f  t h e
A N O R T H O S I  T E , T H A T  I S  H Y P I D I O M O R P H I C  G R A N U L A R  W I T H  T H E  P H E N O -  
C R Y S T S  R A N G I N G  I N  S I Z E  F R O M  T WO T O N I N E  M M .  M I N E R A L S  I D E N ­
T I F I E D  I N  T H I N  S E C T I O N  A R E  Q U A R T Z ,  P L A G I O C L A S E ,  P O T A S H  
F E L D S P A R ,  B I O T I T E ,  M U S C O V I T E ,  S I L L I M A N I T E ,  R U T I L E ,  C H L O R I T E ,  
C L  I N O Z O I S I T E , A P A T I T E ,  Z I R C O N ,  S P H E N E ,  A N D  A N  O P A Q U E  M I N E R A L
( T a b l e  1 1 ) .  B i o t i t e ,  c h l o r i t e ,  m u s c o v i t e ,  r u t i l e ,  a n d  c l i n -
O Z O I S I T E  A R E  F O U N D  I N  C L O S E  A S S O C I A T I O N .  T H E  A V E R A G E  C O M P O ­
S I T I O N  OF  P L A G I O C L A S E  R A N G E S  F R O M  A N 2 ^  T O A N ^ o , A N D  T H E  
R A N G E  I N  C O M P O S I T I O N  I N  O N E  T H I N  S E C T I O N  I S  U S U A L L Y  NO M O R E  
T H A N  F E W  P E R  C E N T  A N O R T H I T E • Z O N I N G  OF  P L A G I O C L A S E  I S  
S U B T L E  OR L A C K I N G .  P O T A S H  F E L D S P A R  I S  P R E S E N T  I N  M O S T  T H I N  
S E C T I O N S  I N  T R A C E  A M O U N T S  A N D  O C C U R S  A S  I N C L U S I O N S  I N  
P L A G I O C L A S E  G R A I N S  A S  P R E V I O U S L Y  D E S C R I B E D .  I N  S P E C I M E N S  
W H E R E  P O T A S H  F E L D S P A R  I S  M O R E  A B U N D A N T ,  I T  O C C U R S  A S  D I S C R E T E  
G R A I N S  C O N C E N T R A T E D  I N  L A Y E R S  P A R A L L E L  F O L I A T I O N .
M l A R O L I T I C  A L B I T E  V E I N S  O C C U R  I N  T H R E E  OF  T H E  L A R G E  
A N O R T H O S I T E S .  I N  O U T C R O P  T H E  V E I N S  A R E  E A S I L Y  R E C O G N I Z E D  
B E C A U S E  OF  T H E  V E R Y  R O U G H  S U R F A C E  F O R M E D  ON W E A T H E R I N G  A S
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C O M P A R E D  TO T H E  R E L A T I V E L Y  S MOOT H  S U R F A C E  OF T H E  A N O R T H O S I T E .
C o n t a c t s  b e t w e e n  a l b i t e  v e i n s  a n d  a n o r t h o s i t e  a r e  s h a r p  i n
A L L  I N S T A N C E S ,  AND V E I N  W I D T H  I S  F ROM S E V E R A L  I N C H E S  TO 
S E V E R A L  F E E T .  T H E  V E I N S  A R E  C O M P O S E D  A L M O S T  C O M P L E T E L Y  OF 
A L B I T E  ( A N 3 )  W H I C H  I S  H E A V I L Y  S E R I C I T I Z E D .  A N U M B E R  OF S U C H  
V E I N S  ARE  F O U N D  I N  T H E  A R E A  A R O U N D  L O C A T I O N  # 7 ^ 5  SHOWN I N
P l a t e  1 .  S o m e  o f  t h e  a l b i t i c  z o n e s  i n  t h i s  a n o r t h o s i t e  a r e
O V A L  I N  S H A P E  R A T H E R  T H A N  T A B U L A R .  A T A B U L A R  A L B I T E  V E I N  
S E V E R A L  F E E T  T H I C K  AND W E L L  E X P O S E D  I S  P R E S E N T  I N  T H E  E A S T E R N  
P A R T  OF T H E  A N O R T H O S I T E  E X P O S E D  I N  T H E  K O O T E N A I  C R E E K  D R A I N ­
A G E .  A n o t h e r  a l b i t e  v e i n  o c c u r s  i n  t h e  v i c i n i t y  o f  l o c a t i o n  
# 6 ^ 0  s h o w n  o n  P l a t e  2 .
T h e  l a r g e r  a n o r t h o s i t e s  c o n t a i n  n u m e r o u s  p e g m a t i t i c  
z o n e s .  O n e  o f  t h e s e  w a s  f o u n d  t o  c o n s i s t  m a i n l y  o f  p e r t h i t e ,
P L A G I O C L A S E , AND Q U A R T Z  W I T H  S M A L L  A M O U N T S  OF C H L O R I T E ,  
B I O T I T E ,  M U S C O V I T E ,  C L  I N O Z O I S I T E , AND A P A T I T E .  N U M E R O U S  
M I C A C E O U S  L A Y E R S  S E V E R A L  F E E T  T H I C K  A ND E X T E N D I N G  F OR  D I S ­
T A N C E S  OF A P P R O X I M A T E L Y  T W E N T Y  F E E T  OC C UR  I N  T H E  T H R E E  L A R G E  
A N O R T H O S I T E S  E X A M I N E D  I N  T H E  B A S S  C R E E K  D R A I N A G E .  T H E Y  DO 
NOT S EEM TO BE C O N F I N E D  TO A N Y  P A R T I C U L A R  P O R T I O N  OF T HE  
E X P O S E D  A N O R T H O S I T E S ,  B UT  WERE NOT O B S E R V E D  I N  A N Y  OF T HE  
S M A L L E R  BOD I ES .
ANORTHOS1TE OCCURRENCES 
Mo s t  a n o r t h o s i t e s  m a y  b e  d i v i d e d  i n t o  t w o  c a t e g o r i e s :
T H O S E  W H I C H  OCCUR AS L A Y E R S  W I T H I N  B A S I C  L A Y E R E D  S E Q U E N C E S ,  
AND T H O S E  W H I C H  OC C UR  AS L A R G E  M A S S I F S  I N  I G N E O U S  AND M E T A -  
M O R P H I C  T E R R A I N .  E X A M P L E S  OF T HE  F I R S T  GROUP A R E  T H E  B U S H -  
V E L D  C O M P L E X  OF A F R I C A ,  S T I L L W A T E R  C O M P L E X  OF M O N T A N A ,  AND
F a i r w e a t h e r  c o m p l e x  o f  A l a s k a .  L a r g e  a n o r t h o s i t e  m a s s i f s  
o c c u r  i n  N o r w a y , Q u e b e c ,  a n d  t h e  A d i r o n d a c k  Mo u n t a i n s  o f  N e w  
Y o r k .  A n e x c e l l e n t  s u m m a r y  o f  t h e  a n o r t h o s i t e  p r o b l e m  w i t h  
R E F E R E N C E S  TO S T U D I E S  OF A N O R T H O S I T E S  I S  G I V E N  BY H l E T A N E N
( 1 9 6 3 ,  p . B 1 - 3 ) .
I n w e s t e r n  U n i t e d  S t a t e s  t h e r e  a r e  s e v e r a l  o c c u r r e n c e s  
OF T HE N O N - L A Y E R E D  T Y P E  OF A N O R T H O S I T E .  M l L L E R  ( 1 9 3 1 )  AND  
H i g g s  ( 1 9 5 * 0  h a v e  s t u d i e d  a n o r t h o s i t e s  f o u n d  i n  t h e  S a n  
G a b r i e l  Mo u n t a i n s  o f  C a l i f o r n i a .  T h e s e  a n o r t h o s i t e s  o c c u r
I N A P R E C A M B R I A N  T E R R A I N  AND A RE  A S S O C I A T E D  W I T H  N O R I T E S  AND 
H I G H  GRA DE  M E T A M O R P H I C  R O C K S .
F o w l e r  ( 1 9 3 0 ) d e s c r i b e s  t h e  o c c u r r e n c e  o f  a n o r t h o s i t e s  
i n  t h e  L a r a m i e  M o u n t a i n s  o f  W y o m i n g .  T h e s e  a n o r t h o s i t e s  a l s o
OCCUR I N  A P R E C A M B R I A N  T E R R A I N  AND ARE  A S S O C I A T E D  W I T H  GA B B R O  
AND N O R I T E .  N EWHOUSE AND H A G N E R  ( 1 9*+5 > P«  1 1 8 * 0  M E N T I O N  
Q U A R T Z  S Y E N I T E ,  G R A N I T E ,  AND GA B B R O  AS B O R D E R I N G  T H E  A N O R T H ­
O S I T E .
A n o r t h o s i t e s  a r e  a l s o  f o u n d  i n  t h e  T o b a c c o  R o o t
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M o u n t a i n s  OF WEST ERN M O N T A N A .  RE I D ( 1 9 6 3 )  D E S C R I B E S  T H E S E  
A N O R T H O S I T  E S AS C O N S I S T I N G  OF 9 0% P L A G I O C L A S E  R A N G I N G  I N COM­
P O S I T I O N  f r o m  A n ^ q  t o  A N y y .  T h e y  o c c u r  a s  l a y e r s  o r  b o u d i n s
W I T H I N  THE A RCHE AN PONY M E T A M O R P H I C S  AND ARE A S S O C I A T E D  W I T H  
AMPHI  B O L I T E S  AND BI  0 T I T E - S I L L  I M A N I T E  S C H I S T .  C ON CORDA NT  
R E L A T I O N S H I P S  ARE FOUND BETWEEN THE A N O R T H O S I T E S  AND S U R ­
R OU N D I N G  r o c k s .  R e i d  ( 1 9 6 3 , p .  3 0 1 )  s u g g e s t s  t h a t  t h e
A N O R T H O S I T E S  11 MAY R E P R E S E N T  E I T H E R  M A G M A T I C  I N J E C T I O N S  OR 
MET AMORPHOS ED L I M Y  A R G I L L I T E S . "  T H E S E  A N O R T H O S I T E S  R E S E M B L E  
T HOSE S T U D I E D  I N THE B I T T E R R O O T  M O U N T A I N S  I N OCCURRENCE  AND 
M I N E R A L O G Y .
A N O R T H O S I T E S  S I M I L A R  TO T HOS E OF THE B I T T E R R O O T  RANGE 
ARE D E S C R I B E D  BY H l E T A N E N  ( 1 9 6 3 )  AND OCCUR I N THE B O E H L ' S
B u t t e  q u a d r a n g l e  o f  I d a h o . T h e  f o l l o w i n g  d e s c r i p t i o n  o f  
T HE SE  A N O R T H O S I T E S  I S  BASED ON H l E T A N E N ’ S WORK ( 1 9 6 3 ) *  T H E  
A N O R T H O S I T E S  OCCUR TO THE NORTH OF THE I DA HO B A T H O L I T H  I N 
S C H I S T  AND Q U A R T Z I T E  THOUGHT TO BE H I G H  GRADE M E T A M O R P H I C  
E Q U I V A L E N T S  OF THE P R I C H A R D  F O R M A T I O N  OF THE P R E C A M B R I A N  
B e l t  S u p e r g r o u p . T h e  a n o r t h o s i t e s  a r e  c o n c o r d a n t  w i t h  t h e
S U R R O U N D I N G  S C H I S T .  THE S C H I S T  C O N T A I N S  A B U N D A N T  A L U M I N U M  
S I L I C A T E S  A D J A C E N T  TO THE A N O R T H O S I T E S  AND R E S E M B L E S  THE 
S I L L I M A N I T E  G N E I S S  OF THE B I T T E R R O O T  RANGE I N BOTH T E X T U R E  
AND M I N E R A L O G Y .  B O D I E S  OF GA RNET AMPHI  BOL I T E OCCUR BOTH I N 
THE A N O R T H O S I T E S  AND S U R R O U N D I N G  S C H I S T .
T h e  m i n e r a l o g y  o f  t h e  a n o r t h o s i t e s  i s  s o m e w h a t  d i f f e r ­
e n t  F ROM T H A T  OF T H E  A N O R T H O S I T E S  OF T H E  B I T T E R R O O T  R A N G E .
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T h e  c o m p o s i t i o n  o f  t h e  p l a g i o c l a s e  i s  b i m o d a l , c o n s i s t i n g  o f
A N D E S  I N  E W H I C H  O C C U R S  A S  L A R G E  G R A I N S  A N D  OF B Y T  OWN I T  E W H I C H  
O C C U R S  AS S M A L L  G R A I N S *  A L T H O U G H  A W I D E  V A R I A T I O N  I N  C O M P O ­
S I T I O N  OF P L A G I O C L A S E  I S  P R E S E N T  I N  T H E  B I T T E R R O O T  A N O R T H O -  
S I T E S ,  I T  D OE S  NOT S E E M  TO BE B I M O D A L ;  AND T H E R E  I S  NO 
C O R R E L A T I O N  B E T W E E N  A N O R T H I T E  C O N T E N T  A N D  G R A I N  S I Z E ,  T H E
I d a h o  a n o r t h o s i t e s  e x h i b i t  c o m p o s i t i o n a l  l a y e r i n g , b u t  t h e  
B i t t e r r o o t  a n o r t h o s i t e s  d o  n o t .  A n o t h e r  d i f f e r e n c e  b e t w e e n
T HE  TWO O C C U R R E N C E S  I S  T HE  P R E S E N C E  OF MUCH Q U A R T Z  M O N Z O N I T I C  
G N E I S S  I N  C L O S E  S P A T I A L  A R R A N G E M E N T  TO T H E  B I T T E R R O O T  A N O R T H ­
O S I T E S .  S u c h  a n  o c c u r r e n c e  o f  q u a r t z  m o n z o n i t i c  g n e i s s  i s  
NOT F O U N D  I N  T H E  B O E H L  * S B U T T E  Q U A D R A N G L E .  T H E  O U T C R O P  A R E A  
OF T HE  A N O R T H O S I T E S  I N  T HE  B O E H L ' S  B U T T E  Q U A D R A N G L E  I S  MA NY  
T I M E S  T H A T  OF T H E  A N O R T H O S I T E S  I N  T H E  B I T T E R R O O T  R A N G E .  
M e t a m o r p h i c  R O C K S  C O N T A I N I N G  L I M E  S I L I C A T E S  I N  A B U N D A N C E  ARE  
P R E S E N T  I N  T H E  B O E H L ' S  B U T T E  Q U A D R A N G L E ,  B U T  A R E  NOT F O U N D  
I N  S I G N I F I C A N T  A M O U N T S  I N  T H E  B I T T E R R O O T  R A N G E .
F E L D S P A R  M l N E R A L O G Y  
P e r t h i t e  -  S y m m e t r y  a n d  C o m p o s i t i o n  
T h e  o b l i q u i t y  o f  t h r e e  s a m p l e s  o f  p e r t h i t e  f r o m  t h e
S I L L I M A N I T E  AND Q U A R T Z  M O N Z O N I T I C  G N E I S S  WAS D E T E R M I N E D  
U S I N G  THE A N G U L A R  S E P A R A T I O N  OF THE ( 1 3 1 )  AND ( 1 3 1 )  X - R A Y  
D I F F R A C T I O N  P E A K S .  ON L Y  THE ( 1 3 1 )  R E F L E C T I O N  I S  P R E S E N T  I N 
A D I F F R A C T I O N  P A T T E R N  OF A M O N O C L I N I C  F E L D S P A R ;  WHERE AS I N  A 
D I F F R A C T I O N  P A T T E R N  OF A T R I C L I N I C  F E L D S P A R  BOTH ( 1 3 1 )  AND 
( 1 * 3 1 )  R E F L E C T I O N S  O C C U R .  M A R F U N I N  ( 1 9 6 1 ,  P .  1 0 1 ,  1 0 2 )  
I L L U S T R A T E S  THE S P L I T T I N G  OF THE ( 1 3 1 )  R E F L E C T I O N  I N T O  THE 
( 1 3 1 )  AND O ^ l )  AND THE I N C R E A S I N G  A N G U L A R  S E P A R A T I O N  OF 
R E F L E C T I O N S  W I T H  I N C R E A S I N G  T R I C L I N I C I  TY .  A M O N O C L I N I C  
P O T A S H  F E L D S P A R  WAS F OUND I N  A L L  OF THE S A M P L E S  E X A M I N E D  
FROM ROCKS S U R R O U N D I N G  THE A N O R T H O S I T E S  ( T A B L E  1 2 ) .  T H E S E  
P O T A S H  F E L D S P A R S  HAV E AN E S T I M A T E D  2 V OF A B O U T  7 5 °  AND WOULD 
THUS BE C L A S S I F I E D  AS O R T H O C L A S E .
E s t i m a t e s  o f  t h e  c o m p o s i t i o n  o f  t h e  p o t a s s i c  a n d  s o d i c
P H A S E S  OF P E R T H I T E  S E P A R A T E D  FROM THE S I L L I M A N I T E  G N E I S S  AND 
QU A R T Z  M O N Z O N I T I C  G N E I S S  WERE MADE U S I N G  THE METHOD 
D E S C R I B E D  BY T U T T L E  AND BOWEN ( 1 9 5 8 ,  P .  1 1 — 1 3 )  o T U T T L E  AND 
B o w e n  h a v e  s h o w n  t h a t  t h e r e  i s  a  l i n e a r  r e l a t i o n  b e t w e e n  t h e  
C O M P O S I T I O N  OF A F E L D S P A R  I N  THE S A N I D I N E - H I G H  A L B I T E  S E R I E S  
a n d  d ^ q ^ .  T h i s  d s p a c i n g  c a n  b e  m e a s u r e d  m o s t  c o n v e n i e n t l y
- 9 2 -
- 9 3 -
T a b l e  1 2 .  C o m p o s i t i o n  a n d  S y m m e t r y  o f  P e r t h i t e
S p e c .  R o c k
P o t a s h
F e l d ­
s p a r T r  i c . H e a t i n g
# T y p e S e p  . K PHASE N a  p h a s e H O MO G . T EMP . T 1 ME
13 q . m . 88 % 6 1 % 1 0 1 0 OC 38 DAYS
21 Q .  M . 9 0 %
22 Q . M . 90%
53 Q . M . 85"? 63% 9 0 0 ° c 20 DAYS
1 1*)- Q . M . X 86% k% 69% 1 0 1 o ° c 23 DAYS
1 28 Q . M . 93%
195 Q . M . 80%
208 Q . M . 9 1 # 67% 1 0 1 o ° c 38  DAY S
325 Q . M  . X 87 % 63% 1 0 1 o ° c 38 DAYS
4 5 9 Q . M . X 0 90% 0% 6 H 1 0 1 0 °C 38 DAYS
535 Q . M  . X 90% 2% 6 3 % 1 0 1 o ° c 3 8  DAYS
552 Q . M . X 91% 0%
553 Q . M  . X 90% 0%
5 5 ^ S . G . X 0 9 2 % 1%
7 0 3 PEG . X 90% 0%
7 6 5 Q . M  . 0 91%
7 8 0 PEG . X 9 H 0%
854 PEG . X 91% 0%
861 Q . M . 88%
E x p l a n a t i ON
Q • M . =  QU A R T Z M O N Z O N I T I C  G N E I S S 2  S . G .  =  S I L L  I M A N I T E  G N E I S S :  
P E G . = P E G M A T I T E : P O T A S H  F E L D S P A R  S E P .  I N D I C A T E S  T H O S E  S A M P L E S  
I N  W H I C H  T H E  P O T A S H  F E L D S P A R  WAS S E P A R A T E D  F R O M P L A G I O C L A S E  
A N D  Q U A R T Z  ON T H E  B A S I S  OF S P E C I F I C  G R A V I T Y .  T R I C L I N I C I T Y  I S  
B A S E D  ON A S C A L E  WH E R E  0 = M O N O C L I N I C  S Y M M E T R Y .  F OR  F U R T H E R  
E X P L A N A T I O N  OF D E T E R M I N A T I O N S  S E E  P E R T H I T E  S E C T I O N  U N D E R  P R O ­
C E D U R E S .
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BY R E F E R E N C E  TO THE ( 1OT 0 ) Q U A R T Z  R E F L E C T I O N  ON AN X - R A Y  
D I F F R A C T I O N  P A T T E R N .  A L T H O U G H  T U T T L E  AND B O WE N f S CURV E I S  
B A S E D ON THE S A N I D I N E - H I G H  A L B I T E  S E R I E S ,  I T  CAN BE USED TO 
G I V E  A ROUGH E S T I M A T E  OF THE C O M P O S I T I O N  OF P E R T H  I T E S  OF A 
LOWER T E M P E R A T U R E  S T A T E .
I n T a b l e  1 2  t h e  e s t i m a t e d  c o m p o s i t i o n s  o f  o r t h o c l a s e
AND A L B I T E  FROM P E RT H I T E S  ARE G I V E N .  T H E  A V E R A G E  C O M P O S I T I O N  
OF THE O R T H O C L A S E  P H A S E  I S  ABOUT  9 O R T H O C L A S E  AND FOR THE 
A L B I T E  P HA SE  AB OU T  2% O R T H O C L A S E .  T H E  D E T E R M I N A T I O N  OF THE 
AMOUNT OF O R T H O C L A S E  I N  THE A L B I T E  COMPONENT  I S  P R O B A B L Y  NOT 
VERY A C C U R A T E  B E C A U S E  OF C O N T A M I N A T I O N  BY S M A L L  A MOUNT S OF 
OL I G O C L A S E  I N THE S A M P L E .  A C C O R D I N G  TO S M I T H  ( 1 9 5 6 ,  P .  5 2 ) ,  
THE D ^ ^ ^   ̂ PE AK FOR THE A M E L I A  A L B I T E  I S  L O C A T E D  AT 2 2 . 0 5 7  
D E GR E E S  2 0 ;  AND FOR O L I G O C L A S E  OF C O M P O S I T I O N  ^ 2 9 . 9  ̂ THE 
SAME P E A K  I S  L O C A T E D  AT 2 1 . 9 8 3  D E G R E E S  2 0 .  T H E  S E P A R A T I O N  
OF T H E S E  P E A K S  I S  TOO S L I G H T  FOR T H E I R  R E S O L U T I O N ,  AND S M A L L  
AMOUNT S OF O L I G O C L A S E  I N THE S A MP L E  WOULD D I S P L A C E  THE P E AK 
FOR AN A L B I T E  C O N T A I N I N G  SOME O R T H O C L A S E  TOWARD A LOWER 2 0  
A N G L E .
T h e  g r o s s  c o m p o s i t i o n  o f  s e v e n  p e r t h i t e  s a m p l e s  w a s
E S T I M A T E D  BY A P P L Y I N G  THE SAME METHOD TO H O M O G E N I Z E D  S A M P L E S  
OF P E R T H I T E .  E X T E N D E D  H E A T I N G  OF THE P E R T H I T E S  C O N V E R T E D  
THE P O T A S H  P HA S E TO THE S A N I D I N E  M O D I F I C A T I O N .  F U R T H E R  H E A T ­
I NG AT A T E M P E R A T U R E  AB OV E  THE S A N I D I N E  -  H I G H  A L B I T E  S O L V U S  
PRODUCED A HOMOGENEOUS P HA S E  WH I C H  WAS P R E S E R V E D  BY Q U E N C H I N G .  
T h e  A V E R A G E  C O M P O S I T I O N  OF THE P E R T H I T E  I S  6 4  W E I G H T  PER CENT
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O R T H O C L A S E .
S e v e n  x - r a y  d i f f r a c t i o n  p a t t e r n s  w e r e  r e c o r d e d  u s i n g
D I F F E R E N T  M O U N T S  OF T H E  SAME P E R T H I T E  S A M P L E ;  T H E  R E P R O D U C I ­
B I L I T Y  WAS F O U N D  TO BE W I T H I N  ±  OF T H E  A M O U N T  OF O R T H O -
C L A S E  P R E S E N T  I N  T H E  P O T A S H  P H A S E .
I n F i g u r e  11 t h e  c o m p o s i t i o n s  o f  t h e  a l b i t e  a n d  o r t h o -
C L A S E  P H A S E S  OF T HE  P E R T H  I T E S  A R E  P L O T T E D  ON T H E  S O L V U S  FOR 
T H I S  S Y S T E M  AS  D E T E R M I N E D  BY T U T T L E  AND BOWEN ( 1 9 5 8 ,  P * 2 3 ) o
A l t h o u g h  t h e  s o l v u s  s h o w n  i n  t h i s  d i a g r a m  b y  t h e  h e a v y  l i n e
I S  T H A T  DRAWN BY T U T T L E  AND B O WE N ,  A P O S S I B L E  L O C A T I O N  FOR 
T HE  S O L V U S  ON T H E  B A S I S  OF T H E I R  D E T E R M I N A T I O N S  I S  SHOWN BY 
T HE D A S H E D  L I N E .  I F  T H E S E  P E R T H  I T E S  F O R M E D  BY E X S O L U T I O N ,
I T  WOULD BE E X P E C T E D  T H A T  T H E  C O M P O S I T I O N S  OF A L B I T E  AND 
O R T H O C L A S E  FROM A G I V E N  S P E C I M E N  WHEN P L O T T E D  ON T HE  S O L V U S  
WOULD BOTH L I E  A T  T H E  SAME T E M P E R A T U R E .  I F  T HE  S O L V U S  SHOWN
b y  T u t t l e  a n d  B o w e n  i s  u s e d , t h e  o r t h o c l a s e s  p l o t  a t  h i g h e r
T E M P E R A T U R E S  T H A N  T HE R E S P E C T I V E  A L B I T E S .  H O W E V E R ,  I F  T H E  
S O L V U S  SHOWN BY T H E  D A S H E D  L I N E  I S  U S E D ,  T H E R E  I S  B E T T E R  
A G R E E M E N T  B E T WE E N  T H E  TWO F E L D S P A R S .  I T  S H O U L D  BE P O I N T E D  
OUT T H A T  T H O S E  S A M P L E S  R E P O R T E D  AS C O N S I S T I N G  OF P U R E  A L B I T E  
MAY A C T U A L L Y  C O N T A I N  UP TO A FEW P E R  C E N T  O R T H O C L A S E c  ON 
T HE  B A S I S  OF P L O T T I N G  P E R T H I T E  D E T E R M I N A T I O N S  ON T H I S  S O L V U S ,  
I T  CAN BE C O N C L U D E D  T H A T  T H E Y  MAY H A V E  UN MI  X ED TO A L A R G E  
E X T E N T ,  AS WOULD BE E X P E C T E D  I F  T H E  R O C K S  HAD C O O L E D  S L O W L Y .
I f  t h e y  f o r m e d  b y  e x s o l u t i o n ,  t h e y  w o u l d  r e p r e s e n t  e q u i l i b ­
r i u m  W I T H  A T E M P E R A T U R E  OF F ROM 4 0 0 °  TO 5 0 0 °  C .
/ L  I QU I Dn1 1 0 0
1 0 00
900oo
8 0 0
LJ
or 700
<
or
U
CL
5
LJ
6oo 4 5 9  4 5 9
5 5 2  5 3 5
5 5 3  5 5 2
5 5 ^  5 5 3
780  703
85^ 854
703
500
A b 10  2 0  3 0  4 0  5 0  6 0 80 O r
WE I GH T  %
F i g u r e  1 1 .  A l k a l i  f e l d s p a r  s o l v u s  f o r  o r t h o c l a s e  c r y p t o -  
p e r t h i t e  ( T u t t l e  a n d  B o w e n ,  1 9 5 8 ,  p .  2 3 ) .
Da s h e d  l i n e  r e p r e s e n t s  a  p o s s i b l e  s o l v u s  w h i c h  c a n  b e  d r a w n
THROUGH P O I N T S  D E T E R M I N E D  BY T U T T L E  AND BOWEN.  SQUARES 
R E P RE SE NT  C O M P O S I T I O N S  P L O T T E D  ON T H I S  C U R V E .  NUMBERS REFER 
TO S P E C I M E N S  OF S I L L I M A N I T E  G N E I S S  AND QUA RT Z  M O N Z O N I T I C  
G N E I S S  FROM WHI CH PE RTH I T  E WAS A N A L Y Z E D  A C C O R D I N G  TO THE 
METHOD D E S C R I B E D  BY T U T T L E  AND BOWEN ( 1 9 5 8 ,  P .  1 1 - 1 3 ) .
- 9 6 -
- 9 7 -
P l a g i o c l a s e  C o m p o s i t i o n  a n d  T h e r m a l  S t a t e
I n  a d d i t i o n  t o  t h e  m a n y  o p t i c a l  d e t e r m i n a t i o n s  o f  
A N O R T H I T  E C O N T E N T  OF P L A G I O C L A S E ,  P A R T I A L  C H E M I C A L  A N A L Y S E S  
WERE MADE OF SOME A N O R T H O S I T E  AND A M P H I B O L I T E  S P E C I M E N S  FROM 
WHI CH THE M A F I C  M I N E R A L S  HAD BEEN S E P A R A T E D ,  L E A V I N G  ONLY 
P L A G I O C L A S E  AND Q U A R T Z .  A T O T A L  OF ^ 5  S A M P L E S  WERE A N A L Y Z E D  
FOR K 2 0 ,  N a 2 0 ,  AND C a O .  O n THE B A S I S  OF T H E S E  A N A L Y S E S  THE 
WE I G H T  PER CENT O R T H O C L A S E ,  A L B I T E ,  AND A N O R T H I T E  I N  EACH 
S A MPL E WAS C A L C U L A T E D ,  AS SHOWN I N T A B L E  1 3 *  I N A L L  A N A L Y Z E D  
S A MP L E S  THE T O T A L  C A L C U L A T E D  F E L D S P A R  D I D  NOT ADD UP TO 1 0 0 # ,  
BUT RAT HER TO AROUND 90 % .  T H E R E  ARE T H R E E  P O S S I B L E  RE ASONS 
FOR T H I S  D E F I C I T .  ONE I S  T H A T  MOST P L A G I O C L A S E  A N A L Y S E S  
REP ORT ED I N THE L I T E R A T U R E  SHOW MORE S I  0 2 THAN I N D I C A T E D  BY 
f o r m u l a .  ( F o r  e x a m p l e  s e e  D e e r ,  H o w i e ,  a n d  Z u s s m a n ,  1 9 6 3 , 
V o l u m e  4 ,  T a b l e  1 5 , p .  1 1 5 • )  T h e  e x c e s s  S i 0 2 i s  u s u a l l y
L E S S  THAN 1 % AND THUS W I L L  NOT C O M P L E T E L Y  CORRECT THE D E F I C I T  
OF F E L D S P A R .  A SECOND C O N S I D E R A T I O N  I S  T H A T  Q U A R T Z ,  WH I C H  ON 
THE B A S I S  OF T H I N  S E C T I O N  E X A M I N A T I O N  A V E R A G E S  3 #  FOR A N O R T H ­
O S I T E  S P E C I M E N S ,  I S  L I K E L Y  TO BE P R E S E N T  I N G R E A T E R  Q U A N T I ­
T I E S  I N T H E S E  S A MP L E S  T HAN I S  R E C O G N I Z E D  I N  T H I N  S E C T I O N .  I N 
S E V E R A L  S P E C I M E N S  NO QU A R T Z  WAS R E C O G N I Z E D  I N  T H I N  S E C T I O N ,  
BUT AN X - R A Y  D I F F R A C T I O N  P A T T E R N  SHOWED S M A L L  AMOUNTS OF
q u a r t z . A n o t h e r  p o s s i b i l i t y  i s  a n  e r r o r  i n  t h e  c h e m i c a l
A N A L Y S E S .  T H I S  SEEMS U N L I K E L Y  S I N C E  T HEY CHECK F A I R L Y  WEL L  
WI T H  AN A N A L Y S I S  OF S P E C I M E N  # 8 7 5  MADE BY T E C H N I C A L  S E R V I C E
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T a b l e  13 .  P a r t i a l  C h e m i c a l  A n a l y s e s  o f  P l a g i o c l a s e  f r o m  
A n o r t h o s 1t e s
Pl a g i o c l a s e  An a l y s e s
Re c a l c u l a t e d  to
Ch e m . An a l y s i s  Ca l c , as  ' s p a r , _______1 0 0 ^ ______
S p e c  • 
N o ,
O
C
\]
0
C
\]
<2: C a O O r A b A n T O T A L O r A b
( W t .
A n
%)
15 0 . 1 7 5 . 5 5 7 - 8 7 1 . 0 4 6 . 9 3 9 . 0 8 6 . 9 1 . 2 54 45
17 0 . 1 3 4 . 7 8 1 0 . 1 8 0 . 8 4 0 . 4 5 0 . 5 91 . 7 0 . 9 44 55
23 0 . 1 6 5 . 2 0 9 . 5 7 0 . 9 4 3 . 9 ^ 7 . 5 9 2 . 3 1 . 0 48 51
^7 0 . 1 3 5 . 9 0 7 . 66 0 . 8 5 0 . 0 3 8 . 0 8 8 . 8 0 . 9 56 43
48 0 . 1 6 4 . 0 8 9 . 1 8 1 . 0 3 ^ . 5 ^ 5 . 5 81 . 0 1 . 2 43 56
49 0 . 0 8 3 - 5 ^ 1 0 . 5 4 0 . 5 2 9 . 9 5 2 . 3 8 2 . 7 0 . 6 36 63
50 0 . 2 2 5 . 0 0 9 . 2 5 1 . 3 4 2 . 3 4 5 . 9 8 9 . 5 1 °5 47 51
51 0 . 1 3 6.31 7 . 6 6 0 . 8 5 3 . 3 3 8 . 0 92 . 1 0 . 9 58 41
52 0 . 3 7 5 . 4 2 8 . 3 5 2 . 2 4 5 . 8 41 . 4 8 9 . 4 2 . 5 51 46
76 0 . 0 5 1 . 7 8 1 3 . 0 3 0 . 3 1 5 . 0 6 4 . 6 7 9 . 9 0 . 4 19 81
87 0 . 1 8 5 .01 9 . 7 3 1 .1 4 2 . 3 4 8 . 3 91 . 7 1 . 2 46 53
89 0 . 3 7 5 . 0 4 9 . 2 9 2 . 2 4 2 . 6 46 . 1 9 0 . 9 2 . 4 47 51
113 0 . 1 8 4 . 9 4 1 0 . 2 8 1 .1 41 .7 5 1 . 0 9 3 . 8 1 . 2 45 54
115 0 . 2 7 4 . 8 4 9 . 71 1 .6 4 0 . 9 4 8 . 2 9 0 . 7 1 .7 45 53
119 0 . 1 7
001̂
-•
-3
" 1 1 . 5 0 1 .0 4 0 . 4 5 7 . 0 9 8 . 4 1 .0 41 58
1 20 0 . 2 0 4 . 6 2 9 . 6 0 1 . 2 3 9 . 0 4 7 . 6 8 7 . 8 1 . 4 44 54
1 21 0 . 2  6 4 . 0 3 11 . 8 8 1 -5 34 . 1 5 8 . 9 9 4 . 5 1 . 6 36 62
150 0 . 2 ^ 5 . 3 8 8 . 6 6 1 . 4 ^ 5 . 5 4 3 . 0 8 9 . 9 1 . 6 51 48
209 0 . 1 6 4 . 8 0 1 0 . 6 3 1 . 0 4 0 . 6 5 2 . 7 9 4 . 3 1 .1 43 56
328 0 . 2 0 5 . 2 8 9 . 4 0 1 . 2 4 4 . 6 4 6 . 6 9 2 . 4 1 .3 48 50
- 99 -
T a b l e  1 3 -  ( CO NT. )
Pl a g i o c l a s e  An a l y s e s
R e c a l c u l a t e d  t o  
Chem.  A n a l y s i s  C a l c ,  as ' s p a r ,  100%
Sp e c  . 
No.
K2 0 N A 20 Ca O Or Ab An To t a l Or A b
(Wt „
An
%)
329 0 . 2 1 5 . 3 2 9 . 1 3 1 . 2 4 5 . 0 ^ 5 . 3 91 . 5 1 . 3 49 50
3 3 ^ 0 . 2 0 5 . 1 9 1 0 . 8 6 1 . 2 ^ 3 . 9 5 3 . 9 9 9 . 0 1 . 2 4 4 54
335 0 . 1 2 4 . 6 3 1 0 . 61 0 . 7 3 9 . 1 5 2 . 6 9 2 . 4 0 . 8 42 57
336 0 . 2 4 4 . 8 4 1 1 . 0 5 1 . 4 4 0 . 9 5 4 . 8 9 7 . 1 1 . 4 42 57
385 0 . 1 9 5 . 5 5 8 . 0 3 1 .1 4 6 . 9 3 9 . 8 8 7 . 3 1 . 3 53 45
512 0 . 1 8 4 . 6 8 11 . 9 3 1 .1 3 9 . 5 5 9 . 2 9 9 . 8 1 .1 40 59
571 0 . 1 6 5 . 7 1 8 . 6 2 0 . 9 4 8 . 2 4 2 . 8 91 . 9 1 . 0 52 47
593 0 . 1 9 5 . 6 8 9 . 2 4 1 .1 4 8 . 0 4 5 . 8 9 4 . 9 1 . 2 51 48
7 04 0 . 1 9 5 . 5 2 8 . 6 2 1 .1 4 6 . 6 4 2 . 8 9 0 . 5 1 . 2 52 47
720 0 . 3 0 4 . 9 1 9 . 6 9 1 . 8 41 . 5 4 8 . 1 91 . 4 2 . 0 46 53
725 0 . 3 3 1 0 . 8 6 0 . 0 3 2 . 0 91 . 8 0 . 2 9 4 . 0 2 . 1 98 0
730 0 . 1 2 4 . 2 9 1 2 . 3 7 0 . 7 3 6 . 3 61 . 4 9 8 . 4 0 . 7 37 62
731 0 . 1 1 4 . 3 1 1 2 . 4 5 0 . 7 3 6 . 4 61 . 8 9 8 . 9 0 . 7 37 62
732 0 . 1 4 4 . 3 0 11 . 3 4 0 . 8 3 6 . 3 5 6 . 2 9 3 . 3 0 . 9 39 60
7 4 0 a 1 .71 4 . 2 4 7 . 5 3 1 0 .  T 3 5 - 8 3 7 . 3 8 3 . 2 12 . 1 43 45
7 4 0 b 1 . 2 2 4 . 6 0 7 . 1 7 7 - 2 3 8 . 9 3 5 . 6 81 . 7 8 . 8 48 43
742 0 . 5 9 1 0 . 3 8 0 . 0 6 3 . 5 8 7 - 7 0 . 3 91 . 5 3 . 8 96 0
7 5 ^ a 0 . 0 9 1 . 4 9 1 2 . 2 6 0 . 5 1 2 . 6 6 0 . 8 7 3 . 9 0 . 7 17 82
785 0 . 0 9 1 . 4 7 1 3 . 1 3 0 . 5 1 2 . 4 65 • 1 7 8 . 0 0 . 6 16 83
849 0 . 0 8 4 . 6 8 1 0 . 4 9 0 . 5 3 9 . 5 5 2 . 0 9 2 . 0 0 . 5 ^ 3 57
- 1 0 0 -
T a b l e  1 3 *  ( C o n t . )
Pl a g i o c l a s e  A n a l y s e s
R e c a l c u l a t e d  t o
C h e m . An a l y s i s  Ca l c , a s  ’ s p a r . _______ 10 0 ^ ________
Sp e c  • 
No .
O
c\] Na 2 0 Ca O Or Ab A n T o t a l Or Ab 
( W t  .
An
%)
CO 0 . 1 4 5 . 7 5 9 . 1 9 0 . 8 4 8 . 6 4 6 . 0 9 5 . ^ 0 . 8 51 48
8 7 5 a 0 . 1 8 4 . 8 1 9 . 2 3 1 .1 4 0 . 6 4 5 . 8 8 7 . 5 1 . 3 47 52
8 7 5 b 0 . 1 7 4 . 6 0 9 . 2 3 1 . 0 3 8 . 9 4 5 . 8 8 5 . 7 1 . 2 45 54
8 7 5 c 0 . 2 0 4 . 9 5 9 . 4 6 1 . 2 41 . 8 4 6 . 9 8 9 . 9 1 . 3 47 52
8 7 5 d 0 . 1 9 4 . 9 9 9 . 2 2 1 .1 4 2 . 2 ^+5-7 8 9 . 0 1 . 2 47 51
- 1 0 1 -
L a b o r a t o r I ES .
Wh e n  t h e  f e l d s p a r  c o m p o s i t i o n s  a r e  n o r m a l i z e d ,  i t  i s
F O U N D  T H A T  T H E  A M O U N T  OF O R T H O C L A S E  I N  T H E  P L A G I O C L A S E  
S A M P L E S  I S  G E N E R A L L Y  A B O U T  1 W T . P E R  C E N T  A N D  T H E  A N O R T H  I T  E 
C O N T E N T  R A N G E S  A R O U N D  T H E  A N D E S I N E - L A B R A D O R I T E  C O M P O S I T I O N A L
d i v i s i o n  ( T a b l e  1 3 ) .  A c o m p a r i s o n  b e t w e e n  t h e  a n o r t h i t e
C O N T E N T  OF T H E  P L A G I O C L A S E  AS  D E T E R M I N E D  BY C H E M I C A L  M E A N S  
AND T H A T  D E T E R M I N E D  BY O P T I C A L  M E A N S  I S  G I V E N  I N  T A B L E  1 ^ 0
T h e  a n o r t h i t e  c o n t e n t  r e c o r d e d  i n  t h e  c o l u m n  e n t i t l e d  
" A v e r a g e  f r o m  o p t i c a l  d e t e r m i n a t i o n s "  i s  t h e  a v e r a g e  o f  a l l
OF T H E  O P T I C A L  D E T E R M I N A T I O N S  F OR  A G I V E N  T H I N  S E C T I O N  W I T H  
NO C O R R E C T I O N  F OR S T R O N G L Y  Z O N E D  G R A I N S ,  T H E  A G R E E M E N T  
B E T W E E N  T H E  V A L U E S  D E T E R M I N E D  BY T H E  TWO M E T H O D S  I S  Q U I T E  
GOOD AS  SHOWN I N  F I G U R E  1 2 .  I n  G E N E R A L  T H E  A N O R T H I T E  C O N ­
T E N T  OF T H E  P L A G I O C L A S E  AS D E T E R M I N E D  BY O P T I C A L  M E A N S  I S  
S L I G H T L Y  L OWE R  T H A N  T H A T  D E T E R M I N E D  BY C H E M I C A L  M E A N S .
S a m p l e  # 7 ^ 0 b  s h o w s  a  l a r g e  d i s c r e p a n c y .  I n t h i s  c a s e  t h e
O P T I C A L  D E T E R M I N A T I O N  I S  P R O B A B L Y  I N  E R R O R  B E C A U S E  I T  I S  
B A S E D  ON O N L Y  TWO D E T E R M I N A T I O N S  I N S T E A D  OF T H E  T E N  OR MORE 
U S E D  F OR T H E  O T H E R  T H I N  S E C T I O N S .
F i g u r e  1 3  i s  a  p l o t  o f  t h e  a n a l y z e d  p l a g i o c l a s e s  o n  a n  
O R T H O C L A S E - A L B I T E - A N O R T H I T E  C O M P O S I T I O N  T R I A N G L E .  S U P E R ­
I M P O S E D  ON T H I S  P L O T  A R E  T H E  B O U N D A R I E S  OF T H E  ONE F E L D S P A R  
F I E L D  AS S U G G E S T E D  BY T U R N E R  A N D  V E R H O O G E N  ( 1 9 6 0  ,  P .  1 1 ^ )  FOR  
H I G H  WA T E R  P R E S S U R E S .  A L L  OF T H E  A N A L Y Z E D  F E L D S P A R S  P L O T  
W I T H I N  T H E  ONE F E L D S P A R  F I E L D  OF T H I S  D I A G R A M  W I T H  T HE
- 1 0 2 -
T a b l e  1 4 .  A n o r t h i t e  C o n t e n t  a n d  2 0 (  1 3 1  ) -  2 0 (  1 3 1  ) o f  
P l a g i o c l a s e  f r o m  A n o r t h o s i t e s
S p e c i -  M o L o  % A n o r t h i t e  i n  P l a g .
2 0 ( 1 3 1 )M E N
No.
Av e r a g e  f r o m  
Op t i c a l  De t s .
Ca l c u l a t e d  f r o m  
C hemo  An a l y s i s
2 9 ( 1 3 1 ) -
(Cu K.
15 4 4 43 O 00
16 46 — 1 . 7 8
17 53 54 1 . 8 9
23 54 50 1 . 8 6
47 50 41 1 . 7 7
4 8 58 55
C
Oe
49 57 62
C
OON0
50 54 50 1 . 8 2
51 41 40 1 . 7 9
52 46 45 1 . 8 2
76 85 80 2 . 1 2
87 52 51 1 . 9 0
88 4 4 — 1 . 9 0
89 52 49 1 . 8 3
113 5 4 53 1 . 8 8
115 52 52 1 . 8 9
119 62 56 2 . 0 0
1 20 52 53 O 00 -p
-
1 21 67 61 1 "99
A n o r t h i t e  c o n t e n t  o f  p l a g i o c l a s e  a s  e s t i m a t e d  f r o m  a n  a v e r ­
a g e  O F  A L L  O P T I C A L  D E T E R M I N A T I O N S  M A D E  F O R  E A C H  S P E C I M E N  
A N D  F R O M  P A R T J A L  C H E M I C A L  A N A L Y S E S  o A N G U L A R  S E P A R A T I O N  O F  
( 1 3 1 )  A N D  ( 1 3 1 )  F R O M  X - R A Y  D I F F R A C T I O N  P A T T E R N S .
- 1 0 3 -
T a b l e  1^ .  ( C O N T . )
S p e c i -  M o l ,  t  A n o r t h i t e  i n  P l a g
MEN
NO.
A v e r a g e  f r o m  
Op t i c a l  D e t s .
C a l c u l a t e d  f r o m  
C h e m . A n a l y s i s
20(131  ) -  
(Cu K<
150 46 46 1 . 8 4
207 46 — 1 . 9 0
209 44 54
v
n
00O
21 1 41 — 1 .7 7
227 39 - - 1 - 75
328 51 49 1 .7 8
329 51 48 1 . 80
333 58 — 1 .89
3 3 ^ 52 53 1 . 80
335 56 55 1 . 8 9
336 56 55 1 . 93
385 46 44 1 .7 8
512 59 58
vn000
571 46 45 1 .81
593 50 47 1 .81
652 56 — 0 CO ON
704 49 46 1 . 8 2
708 46 — 1 . 95
710 56 - - 1 .81
720 56 51 1 . 86
721 47 — 1 . 86
725 3 0 1 . 1 4
- 104 -
T a b l e  1 4 .  ( C o n t . )
S p e c i -  M o l .  % A n o r t h i t e  i n  P l a g .
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A v e r a g e  f r o m  
Op t i c a l  D e t s .
C a l c u l a t e d  f r o m  
C h e m . A n a l y s i s
2 0 ( 1 3 1 )  -  
( C u  K
7 3 0 6 7 61 1 . 9 3
731 - - 61 1 . 9 2
7 3 2 6 4 61 1 . 8 7
7 4 0 a — 4 4 1 . 8 3
7 4 0 b 6 7 41
vnCO0
7 5 4 a 7 6 81 2 . 0 5
71+2 — 0 1 . 1 9
7 8 5 8 2 83 2 . 2 4
8 4 9 5 7 5 5 1 . 9 0
8 5 7 4 4 4 7 1 - 7 9
8 7 5 a 5 2 51 1 . 8 1
8 7 5 b 5 0 5 2
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M o l  % An  b y  O p t i c a l  D e t e r m i n a t i o n s
F i g u r e  1 2 .  A c o m p a r i s o n  b e t w e e n  a n o r t h i t e  c o n t e n t  o f  
P L A G I 0 C L A S E S  D E T E R M I N E D  O P T I C A L L Y  AND T H A T  D E T E R M I N E D  
C H E M I C A L L Y .
- 1 0 5 -
F i g u r e  1 3 .  P l o t  o f  f e l d s p a r  c o m p o s i t i o n s  o n  A b - A n - O r d i a g r a m . 
F i e l d  b o u n d a r i e s  a r e  p l o t t e d  a c c o r d i n g  t o  T u r n e r  a n d
V E R H O O G E N  ( 1 9 5 0 ,  P .  1 1 ^ )  FOR A P R E S S U R E  OF 5 , 0 0 0  B A R S *
• C h e m i c a l l y  a n a l y z e d  p l a g i o c l a s e  ( f r o m  a n o r t h o -
S I T E S ,  A M P H I  B O L I T E S  , AND A L B I T E  V E I N S )
- f  N o r m a t i v e  f e l d s p a r  i n  # 87 5  ( a n o r t h o s  i t e  )
B N o r m a t i v e  f e l d s p a r  in  # 7 7 2  ( q u a r t z  m o n z o n i t i c
GNE I S S )
*  N o r m a t i v e  f e l d s p a r  i n  # 8 9 2  ( s i l l i m a n i t e  g n e i s s )
a  E s t i m a t e d  c o m p o s i t i o n  o f  p e r t h i t e  f r o m  # 7 7 2  a n d
# 8 9 2  ( s a m e  c o m p o s i t i o n  f o r  b o t h  s p e c i m e n s )
O C o m p o s i t i o n  o f  o l i g o c l a s e  f r o m  # 7 7 2  a n d  # 89 2  
( s a m e  c o m p o s i t i o n  f o r  b o t h  s p e c i m e n s )
- 1 0 7 -
e x c e p t i o n  OF # 7 4 0 a  AND # 7 ^ 0 b w h i c h  c o n t a i n  t o o  m u c h  o r t h o -  
c l a s e . ( S e e  P l a t e  1 f o r  l o c a t i o n , , )  S p e c i m e n  # 7 4 0 a c o n s i s t s
OF A N D E S I N E  FROM THE M I A R O L I T I C  C A V I T Y  W I T H I N  THE A N O R T H O -  
S I T E  AND # 7 ^ 0 B  FROM THE A N O R T H O S I T E  A D J A C E N T  TO THE C A V I T Y o  
X - R A Y  D I F F R A C T I O N  P A T T E R N S  OF T HE SE  S A MP L E S  SHOW THEM TO 
C O N T A I N ,  I N A D D I T I O N  TO A N D E S I N E ,  A S MA L L  AMOUNT OF POTASH 
F E L D S P A R  COMPOSED OF A P P R O X I M A T E L Y  9 5 $  0 R T HOC LA S E o A T H I N  
S E C T I O N  OF # 7 ^ 0 B  S T A I N E D  FOR THE K I ON SHOWS A FEW SMA L L  
G R A I N S  OF POTASH F E L D S P A R ,  BUT THERE ARE NOT ENOUGH OF THEM 
TO ACCOUNT FOR AN 8 $  OR T HOCL A SE  CONTENT I N T H I S  S P E C I ME N , ,  A 
P O S S I B I L I T Y  I S  T HA T  THE POTASH F E L D S P A R  OCCURS AS G R A I N S  TOO 
SMAL L  TO BE R E C O G N I Z E D  UNDER THE P E T R O G R A P H I C  M I C R O S C O P E .
A l s o  s h o w n  i n  F i g u r e  1 3  a r e  t h e  n o r m a t i v e  f e l d s p a r s
FOR THE THREE ROCK S A MP L E S WHI CH WERE C H E M I C A L L Y  A N A L Y Z E D .
T h e  p e r t h i t e  a n d  p l a g i o c l a s e  f r o m  t h e  s i l l i m a n i t e  g n e i s s  a n d
FROM THE QUARTZ M O N Z O N I T I C  G N E I S S  ARE BOTH OF THE SAME COM­
P O S I T I O N  R E S P E C T I V E L Y .
T h e  n o r m a t i v e  f e l d s p a r s  o f  t h e  q u a r t z  m o n z o n i t i c
G N E I S S  AND S I L L I M A N I T E  G N E I S S  C O N T A I N  L E S S  A L B I T E  THAN THEY  
SHOULD ON THE B A S I S  OF THE O L I G O C L A S E  AND P E R T H I T E  D E T E R ­
M I N A T I O N S .  T h i s  m a y  i n  p a r t  b e  e x p l a i n e d  b y  t h e  f a c t  t h a t  
POTASH F E L D S P A R  W I T H I N  THE O L I G O C L A S E  WAS NEGL E C T E D  WHEN I T  
WAS P L OT T E D  HERE AND A N O R T H I T E  I N THE A L B I T E  OF THE P E R T H I T E  
WAS AL SO N E G L E C T E D .  J U D G I N G  FROM THE A N A L Y S E S  G I V E N  I N
D e e r ,  H o w i e ,  a n d  Z u s s m a n  ( 1 963 > V o l u m e  T a b l e  k, p .  36 , 3 7 )
A FEW PER CENT A NORT H I T E  COULD BE E XP E CT ED I N AN ORT HOCL A S E
- 1 0 8 -
MI  CROPE RT H I TE . A l s o  a c c o r d i n g  t o  D e e r , H o w i e , a n d  Z u s s m a n  
( 1 9 6 3 , V o l u m e  4 ,  T a b l e  1 4 ,  p .  1 1 2 , 1 1 3 ) o l i g o c l a s e  c a n  b e
E X P E CT E D  TO C O N T A I N  A FEW PER CENT O R T H O C L A S E .  I F  THE 
PERTH I T  E C O M P O S I T I O N  WERE P L O T T E D  I N THE P O S I T I O N  WH I C H  I T  
WOULD BE I F  THERE WERE A FEW PER CENT ANORT H I T E  I N  I T ,  THEN 
THE N O R M A T I V E  F E L D S P A R  WOULD P L OT  CL O S E R  TO THE L I N E  C O N N E C T ­
I NG THE TWO F E L D S P A R S  FOUND I N THE G N E I S S E S .
T h e  a n g u l a r  s e p a r a t i o n  b e t w e e n  t h e  ( 1 3 1 ) a n d  ( 1 "31 )
R E F L E C T I O N S  I N X - R A Y  D I F F R A C T I O N  P A T T E R N S  OF P L A G I O C L A S E  G I V E  
A R E L A T I V E  I N D I C A T I O N  OF THE T HE R MA L  S T A T E  OF THE F E L D S P A R  I F  
THE C O M P O S I T I O N  I S  KNOWN.  I T  WAS HOPED T HAT  BY M A K I N G  
NUMEROUS SUCH D E T E R M I N A T I O N S  OF P L A G I O C L A S E  FROM THE A N O R T H -  
O S I T E  AND S U R R O U N D I N G  ROCKS I T  COULD BE D E T E R M I N E D  I F  THE 
T HERMA L  S T A T E  FOR P L A G I O C L A S E S  OF ABOUT  THE SAME C O M P O S I T I O N  
WAS THE S A ME .  S E V E N T Y  MEA S URE ME NT S  OF THE A N GUL AR S E P A R A ­
T I O N  OF THE ( 1 3 1 )  AND ( 1 * 3 1 )  P E A K S  WERE M A D E .  THE S E P A R A T I O N S  
WERE THEN P L O T T E D  VE RSUS THE AVE RAGE C O M P O S I T I O N  OF THE 
P L A G I O C L A S E  FROM E I T H E R  O P T I C A L  D E T E R M I N A T I O N S  OR P A R T I A L  
C H E M I C A L  A N A L Y S E S  ( T A B L E S  1 4  AND 1 5  AND F I G U R E  1 4 ) .
A C O M P A R I S O N  I S  MADE I N F I G U R E  1 4  BETWEEN THE T HE RMA L  
S T A T E  OF P L A G I O C L A S E  I N ROCKS FROM THE B I T T E R R O O T  RANGE AND 
D E T E R M I N A T I O N S  MADE BY S M I T H  AND YODER ( 1 9 5 6 ,  P .  6 4 1 ) .  A 
RATHER WI DE RANGE I N T HE RMA L  S T A T E  CAN BE SEEN FOR P L A G I O ­
C L A S E  FROM THE A N O R T H O S I T E S  OF THE B I T T E R R O O T  R A N G E .  THERE 
DOES NOT SEEM TO BE ANY C O R R E L A T I O N  BETWEEN THE T HE R MA L  S T A T E  
OF A P L A G I O C L A S E  S P E C I M E N  AND THE L O C A T I O N  OF THE S P E C I M E N
- 1 0 9 -
T a b l e  1 5 *  A n o r t h i t e  C o n t e n t  a n d  2 0 ( 1 3 1 )  -  2 0 ( 1 3 1 )  o f  
P l a g i o c l a s e  f r o m  G n e i s s e s  a n d  A m p h i b o l i t e
A v e r a g e  2 0 ( 1 3 1 ) - 2 © ( 1 3 1 )
S p e c i m e n  #  R o c k  T y p e  C o m p , o f  P l a g . ( C u K * )
13 Q T Z .  MONZ. A n 2 5 1 . 5 9 °
21 Q T Z .  MONZ. A N ^ g 1 . 7 9 °
2 2 Q T Z .  MONZ. A n 26 1 . 6 3 °
5 3 Q T Z .  MON Z .
A n 3 5
1 . 6 1 0
5 ^ S I L L .  G N E 1SS A n 2 3 1 . 4 0 °
11 ^ Q T Z .  MONZ. A n 2 9 1 . 7 1 °
1 2 8 Q T Z .  MONZ.
A n 2 3
1 . 6 1 0
1 9 5 Q T Z .  MONZ. A n 3 6 1 . 7 4 °
3 2 5 Q T Z .  MONZ. A n 3 0 1 . 7 1 °
5 5 A M P H 1 B O L 1TE
A n 8 3
2 . 1 8 °
562 h
A n 8 5
2 . 2 3 0
6 1 3 !»
A n 8 5
2 . 2 0 °
7 5 9 I I
A n 8 5 2 . 1 3 °
7 6 ^ I I
A n 8 5
2 . 2 1  0
7  6 6 I I
A n 7 0
2 . 0 1  0
A v e r a g e  c o m p o s i t i o n  o f  p l a g i o c l a s e  w a s  d e t e r m i n e d  b y  a v e r ­
a g i n g  A L L  O P T I C A L  D E T E R M I N A T I O N S  FOR A G I V_E N T H I N  S E C T I O N .
T h e  a n g u l a r  s e p a r a t i o n  o f  t h e  ( 1 3 1 )  a n d  ( 1 3 1 )  w a s  m e a s u r e d
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F i g u r e  1 4 .  P l o t  o f  2 0  ( 1 3 1 )  -  2 9  ( 1 3 1 )  v e r s u s  a n o r t h i t e
C O N T E N T  OF P L A G I O C L A S E
• A N O R T H I T E  C O N T E N T  C A L C U L A T E D  FROM P A R T I A L
C H E M I C A L  A N A L Y S E S
*  A N O R T H I T E  C O N T E N T  D E T E R M I N E D  O P T I C A L L Y
G a l b i t e  f r o m  v e i n s  w i t h i n  a n o r t h o s i t e
H i g h  a n d  l o w  t e m p e r a t u r e  c u r v e s  a r e  f r o m  S m i t h  a n d  Y o d e r  
( 1 9 5 6 ,  P .  6 4 1 )  AND T HE F O L L O W I N G  S Y M B O L S  I N D I C A T E  D E T E R ­
M I N A T I O N S  m a d e  b y  S m i t h  a n d  Y o d e r :
( \ )  FROM M E T A M O R P H I C  ROCKS 
FROM V O L C A N I C  ROCKS
0  f r o m  A d i r o n d a c k - t y p e  a n o r t h o s i t e  m a s s i f s  
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W I T H I N  AN A N O R T H O S I T  E B O D Y .  T H E  TWO S P E C I M E N S  W H I C H  P L O T  
S I G N I F I C A N T L Y  B E L OW T H E  LOW T E M P E R A T U R E  C U R V E  OF S M I T H  AND
V o d e r ’ s  a r e  f r o m  s p e c i m e n s  o f  s i l l i m a n i t e  g n e i s s  a n d  q u a r t z
M O N Z O N I T I C  G N E I S S  F OU N D  A D J A C E N T  TO T HE  S M A L L  A N O R T H O S I T  E
s h o w n  i n  P l a t e  5 >  F i g .  2 .  I n g e n e r a l  t h e  p o i n t s  r e p r e s e n t i n g
A N O R T H O S I T E  S P E C I M E N S  L I E  NEA R  T HE  LOW T E M P E R A T U R E  C U R V E ,  
B E T WE E N  T HE  T H E R M A L  S T A T E  SHOWN FOR P L A  G I O C L A S  E FROM
A d i r o n d a c k - t y p e  a n o r t h o s i t e  m a s s i f s  a n d  t h a t  f o r  p l a g i o c l a s e
FROM V O L C A N I C  R OC K S  ( S M I T H  AND V O D E R ,  1 9 5 6 ,  P *  6 ^ 1 ) .  S P E C I ­
MENS OF P L A G I O C L A S E  FROM M E T A M O R P H I C  ROC KS  A N A L Y Z E D  BY S M I T H
a n d  Y o d e r  c o v e r  g e n e r a l l y  t h e  s a m e  w i d e  r a n g e  o f  t h e r m a l
S T A T E  AS T H A T  SHOWN FOR T H E  P L A G I O C L A S E  S P E C I M E N S  FROM T HE 
A N O R T H O S I T E S  OF T HE  B I T T E R R O O T  R A N G E .  A L B I T E  S P E C I M E N S  FROM 
V E I N S  W I T H I N  T HE A N O R T H O S I T E S  WERE F OU N D  TO BE OF H I G H E R  
T H E R M A L  S T A T E  T H A N  T HE  A M E L I A  A L B I T E  AS R E P O R T E D  BY S M I T H
a n d  Y o d e r  ( 1 9 5 6 ,  p .  6 3 7 ) •  O n t h e  b a s i s  o f  Ma c k e n z i e ' s  w o r k
ON S Y N T H E T I C  A L B I T E S  A T E M P E R A T U R E  C O N S I D E R A B L Y  LOWER T HA N  
5 0 0 °  C I S  S U G G E S T E D  FOR T HE A L B I T E S  FROM T HE  V E I N S
( M a c k e n z i e ,  1 9 5 7 9 p *  5 0 8 ) .
P E T R O G E N E S I S  
T e m p e r a t u r e  E s t i m a t i o n  
Y o d e r  a n d  E u g s t e r  h a v e  d e t e r m i n e d  t h e  t e m p e r a t u r e s  o f
T HE U P P E R  L I M I T  OF M U S C O V I T E  S T A B I L I T Y  AT  V A R Y I N G  WA T E R  P R E S ­
SURE ( 1 9 5 5 ,  p .  2 6 7 ) .  T h e i r  c u r v e  i s  f o r  t h e  r e a c t i o n
MUSCOV I TE->- S AN  I D I NE +  CORUNDUM +  W A T E R ,  W H I C H  T A K E S  P L A C E  AT 
A T E M P E R A T U R E  OF A B O U T  6 7 5 °  C AT  A WATER P R E S S U R E  OF 2 , 0 0 0  
BARS AND AT  A B O U T  8 0 0 °  C AT  A WA T E R  P R E S S U R E  OF ^ , 0 0 0  B A R S .  
T h u s  t h e  p r e s e n c e  o f  m u s c o v i t e  i n  t h e  s i l l i m a n i t e  g n e i s s
A L L O WS  AN U P P E R  L I M I T  OF A B O U T  6 7 5 °  C TO BE P L A C E D  ON T HE 
M E T A M O R P H I S M  OF T H I S  ROCK AT  A WATER P R E S S U R E  OF 2 , 0 0 0  B A R S *  
T h e  r e a c t i o n  u s u a l l y  t h o u g h t  t o  a c c o u n t  f o r  t h e  d i s a p p e a r a n c e  
OF M U S C O V I T E  AT  T HE  S EC ON D  S I L L I M A N I T E  I S O G R A D  I S  M U S C O V I T E  +  
Q U A R T Z - *  O R T H O C L A S E  +  S I L L I M A N I T E  +  W A T E R *  T H I S  R E A C T I O N  
WOULD P R O B A B L Y  T A K E  P L A C E  AT  LOWER T E M P E R A T U R E S  T H A N  T H A T  
I N V E S T I G A T E D  BY Y O D E R  AND E U G S T E R .
G o l d s m i t h  a n d  L a v e s  ( 1 9 5 * 0  f o u n d  t h a t  p o t a s h  f e l d s p a r s
OF V A R Y I N G  T R I C L I N I C I T Y  OCCUR I N  N A T U R E  AND T H A T  T HE  C O N V E R ­
S I O N  TO A P O T A S H  F E L D S P A R  OF 0  T R I C L I N I C I T Y  ( M O N O C L I N I C )  
OCCURS AT  5 2 5 °  C UND ER  H Y D R O T H E R M A L  C O N D I T I O N S .  A V A R I A T I O N  
I N  WA TER P R E S S U R E  FROM ^ 0 0  L B . / l N » ? TO 3 0 , 0 0 0  L B . / l N . 2 S E E ME D  
TO H AV E  NO S I G N I F I C A N T  E F F E C T  ON T HE C O N V E R S I O N .  H E I E R  
0 9 5 7 *  p * * 0 7 )  C O N C L U D E D  FROM H I S  WORK W I T H  M E T A M O R P H I C  ROCKS
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i n  N o r w a y  t h a t  t h e  i n v e r s i o n  o f  t r i c l i n i c  p o t a s h  f e l d s p a r  t o
M O N O C L I N I C  S Y M M E T R Y  O C C U R S  U N D E R  P R E S S U R E  AND T E M P E R A T U R E  
C O N D I T I O N S  J U S T  S L I G H T L Y  LOWER T H A N  T H O S E  I N D I C A T E D  BY T HE 
B O U N D A R Y  B E T WE E N  T HE  A M P H I B O L I T E  AND G R A N U L I T E  F A C I E S  OF 
M E T A M O R P H I S M .
O n  t h e  b a s i s  o f  G o l d s m i t h  a n d  L a v e s *  w o r k  t h e  o c c u r ­
r e n c e  OF M O N O C L I N I C  P O T A S H  F E L D S P A R  I N  T H E  S I L  L I  MAN I T  E G N E I S S  
AND Q U A R T Z  M O N Z O N I T I C  G N E I S S  I N D I C A T E S  T H A T  T H E S E  G N E I S S E S  
R E A C H E D  A T E M P E R A T U R E  I N  E X C E S S  OF 5 ^ 5 °  C I N  A H Y D R O T H E R M A L  
E N V I R O N M E N T .  T H I S  I N F O R M A T I O N  T O G E T H E R  W I T H  T H A T  ON M U S C O ­
V I T E  S T A B I L I T Y  A L L O W S  ONE TO E S T I M A T E  T H E  M A X I M U M  T E M P E R A T U R E  
OF M E T A M O R P H I S M  OF T HE  S I L L I M A N I T E  G N E I S S  S U R R O U N D I N G  T HE  
A N O R T H O S I T  ES AS H A V I N G  B E E N  B E T WE E N  A B O U T  5 2 5 °  C AND 6 7 5 °  C 
AT  A WA T E R  P R E S S U R E  OF 2 , 0 0 0  B A R S .
T h e  d i f f i c u l t y  w i t h  t h i s  e s t i m a t i o n  i s  t h e  a s s u m e d  
p r e s s u r e ; t h e r e  i s  n o  r e a l  i n d i c a t i o n  o f  t h e  p r e s s u r e  t o
W H I C H  T H E S E  G N E I S S E S  WERE S U B J E C T E D .  H O W E V E R ,  W l N K L E R  C O N ­
C L U D E S  FROM H I S  E X P E R I M E N T A L  M E T A M O R P H I C  S T U D I E S  T H A T  P R E S ­
SUR E  D OE S NOT H A V E  TOO G R E A T  AN E F F E C T  ON T H E  T E M P E R A T U R E  
AT  W H I C H  M E T A M O R P H I C  R E A C T I O N S  T A K E  P L A C E  ( P E R S O N A L  C O M M U N I ­
C A T I O N ,  1 9 6 3 ) .  T h e  p r e s e n c e  o f  h o r n b l e n d e  a n d  b i o t i t e
I N D I C A T E  T H A T  T H E R E  WAS A B U N D A N T  WA T E R  P R E S E N T  D U R I N G  M E T A ­
MORPH I SM .
O r i g i n  o f  A n o r t h o s i t e s  a n d  T o n a l i t e s  
F i v e  p o s s i b l e  m o d e s  o f  o r i g i n  c a n  b e  s u g g e s t e d  f o r
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T H E  A N O R T H O S I T E S • T H E S E  ARE  I S O C H E M I C A L  M E T A M O R P H I S M  , M E T A ­
S O M A T I S M ,  M A G M A T I C  I N T R U S I O N ,  I N T R U S I O N  AS A C R Y S T A L L I N E  
M U S H ,  AND A N A T E C T J C  M E T A M O R P H I S M .  AS I S  U S U A L L Y  T H E  C A S E ,
A L L  L I N E S  OF E V I D E N C E  DO NOT P O I N T  TOWA RD ONE O R I G I N ;  BUT  
T H E R E  I S  E V I D E N C E  I N  F A V O R  OF S E V E R A L  H Y P O T H E S E S .
I S O C H E M I C A L  M E T A M O R P H I S M
T h e  p o s s i b i l i t y  o f  t h e s e  a n o r t h o s i t e s  h a v i n g  b e e n
F O R ME D  BY T HE  I S O C H E M I C A L  M E T A M O R P H I S M  OF S E D I M E N T S  S E E M S  
U N L I K E L Y  B E C A U S E  S E D I M E N T S  OF A N O R T H O S I T I C  C O M P O S I T I O N  ARE
n o t  k n o w n .  A c c o r d i n g  t o  H i e t a n e n  ( 1 9 6 3 » p .  B 6 6 )  n o  d e s c r i p ­
t i o n s  OF S UCH S E D I M E N T S  ARE  F O U N D  I N  T H E  L I T E R A T U R E .  SHE 
S T A T E S  :
T h e  o n l y  r e f e r e n c e  t h a t  h a s  s o m e  b e a r i n g  o n  t h e  s u b j e c t  
I S  T HE  S H O R T  D E S C R I P T I O N  BY L A C R O I X  ( 1 9 3 9 )  OF A C O R U N D U M -  
B E A R I N G  A N OR T H  I T  E ROCK L A Y E R  I N  A P A R A G N E I S S  I N  M A D A G A S C A R .
NO S E D I M E N T S  H A V E  B E E N  D E S C R I B E D  FROM T H E  B E L T  S U P E R G R O U P
W H I C H  A R E  A N O R T H O S I T I C  I N  C O M P O S I T I O N .
M E T A S O M A T  I SM
T h e  s e c o n d  p o s s i b i l i t y  i s  t h a t  t h e s e  a n o r t h o s i t e s  h a v e
B E E N  F OR ME D  FROM S H A L E S ,  P O S S I B L Y  OF T HE  B E L T  S U P E R G R O U P ,  BY 
T HE  I N T R O D U C T I O N  OF C A , N A , AND A L  AND T H E  R E M O V A L  OF K AND
S i .  T h e r e  a r e  s e v e r a l  p o i n t s  i n  f a v o r  o f  a  m e t a s o m a t i c
O R I G I N ,  AND T H E Y  ARE  T HE F O L L O W I N G :
1 )  T h e  g r a d a t i o n a l  s e q u e n c e  f r o m  a n o r t h o s i t e s  t o
T O N A L  I T E S  CAN BE E X P L A I N E D  BY T HE  I N T R O D U C T I O N  OF L E S S  CA 
AND A L  I N T O  R OC K S  NOW T O N A L I T I C  I N  C O M P O S I T I O N  T H A N  I N T O
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R O C K S  NOW A N O R T H O S I T  I C I N  C O M P O S I T I O N .
2 )  T h e  p o t a s h  f e l d s p a r  c u b e s  w i t h i n  p l a g i o c l a s e  g r a i n s  
m a y  b e  r e l i c t s  o f  p o t a s h  f e l d s p a r  w h i c h  h a s  b e e n  a l m o s t  c o m ­
p l e t e l y  R E P L A C E D  BY A N D E S  I N E .
T h e  f o l l o w i n g  p o i n t  i s  a g a i n s t  a  m e t a s o m a t i c  o r i g i n :
1 )  A m e c h a n i s m  i s  n e e d e d  t o  e x p l a i n  t h e  c o n c e n t r a t i o n  
OF T H E S E  I O N S  I N T O  T H E  A N O R T H O S I T  E B O D I E S .
AS C A N  BE S E E N  F ROM T H E  A B O V E  P O I N T S ,  T H E R E  I S  C E R ­
T A I N L Y  SOME M E R I T  TO A M E T A S O M A T I C  O R I G I N  F OR  T H E  A N O R T H O -  
S I T E S .
A N O R T H O S I T I C  MAGMA
A n o t h e r  p o s s i b l e  e x p l a n a t i o n  o f  t h e  f o r m a t i o n  o f  t h e
A N O R T H O S I T E S  I S  T H A T  OF I N T R U S I O N  OF AN A N O R T H O S I T I C  MAGMA 
I N T O  R O C K S  NOW R E P R E S E N T E D  BY T H E  S I L L I M A N I T E  G N E I S S .  AN 
I N T R U S I V E  O R I G I N  F OR  T H E  Q U A R T Z  M O N Z O N I T I C  G N E I S S  I S  A L S O  
P O S S I B L E .
E v i d e n c e  f o r  a  m a g m a t i c  o r i g i n  o f  t h e  a n o r t h o s i t e s  i s  
t h e  f o l l o w i n g :
1 )  G e n e r a l l y  t h e  c o n t a c t s  b e t w e e n  t h e  a n o r t h o s i t e  a n d  
Q U A R T Z  M O N Z O N I T I C  G N E I S S  A R E  S H A R P  A N D  R E P R E S E N T  E X T R E M E  
C H E M I C A L  D I S E Q U I L I B R I U M  B E T W E E N  T H E  TWO ROCK T Y P E S ,  W H I C H  
C O U L D  BE E X P L A I N E D  BY A M A G M A T I C  O R I G I N  F OR  ONE OR B O T H  OF  
T H E S E  ROCK U N I T S .
2 )  S e v e r a l  a m p h i b o l i t e  p o d s  w i t h i n  t h e  a n o r t h o s i t e
H A V E  T HE  A P P E A R A N C E  OF X E N O L I T H S .  H O W E V E R ,  T H E  M A J O R I T Y  OF 
AMP H I  B O L I T  I C  A R E A S  W I T H I N  T H E  A N O R T H O S I T E S  DO NOT A P P E A R  TO
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B E  X E N O L I T H S ,  B U T  R A T H E R  E L O N G A T E ,  N A R R O W  Z O N E S  W H I C H  G R A D E  
I N T O  T H E  A N O R T H O S I T I C  H O S T  R O C K  •
3 )  A t  l o c a t i o n  # 7 ^ 0  w i t h i n  t h e  l a r g e  a n o r t h o s i t e  s h o w n  
i n  P l a t e  1 ,  t h e r e  i s  a  m i a r o l i t i c  c a v i t y  w h i c h  c o n t a i n s
C R Y S T A L S  OF P L A G I O C L A S E  OF  A P P R O X I M A T E L Y  T H E  S A M E  C O M P O S I ­
T I O N  A S  T H E  S U R R O U N D I N G  A N O R T H O S I T E .  S U C H  M I A R O L I T I C  C A V I ­
T I E S  A R E  T Y P I C A L  OF  I G N E O U S  R O C K S .
M i a r o l i t i c  a l b i t e  v e i n s  w i t h i n  t h e  a n o r t h o s i t e s  a r e
M O S T  E A S I L Y  E X P L A I N E D  A S  H A V I N G  B E E N  F O R M E D  BY T H E  L A T E  
C R Y S T A L L I Z A T I O N  OF  A L B I T E  F R O M  T H E  M A G M A .
E v i d e n c e  a g a i n s t  a  m a g m a t i c  o r i g i n  c o n s i s t s  o f  t h e
F O L L O W  I N G  2
1 )  T h e  a v e r a g e  c o m p o s i t i o n  o f  t h e  p l a g i o c l a s e  i n  t h e  
A N O R T H O S I T E  I S  A N ^ .  A C C O R D I N G  T O V O D E R ,  ET  A L .  ( 1 9 5 7 5 
P .  2 0 7 )  A M E L T  C O M P O S E D  OF  P L A G I O C L A S E  OF  T H I S  C O M P O S I T I O N  
C O U L D  O N L Y  E X I S T  A T  A T E M P E R A T U R E  OF  1 1 0 0 °  C A T  A W A T E R  P R E S ­
S U R E  OF  5 > 0 0 0  B A R S .  T h i s  t e m p e r a t u r e  i s  c o n s i d e r a b l y  h i g h e r  
T H A N  T H E  T E M P E R A T U R E  E S T I M A T E D  F O R  T H E  S U R R O U N D I N G  R O C K S ;  
W H I C H  I S  A P P R O X I M A T E L Y  5 2 5 °  T O 6 7 5 °  C A T  A P R E S S U R E  OF  2 , 0 0 0  
b a r s .  H o w e v e r ,  a m e l t  c o m p o s e d  o f  a l b i t e ,  a n o r t h i t e ,  a n d
D I O P S I D E  C O U L D  E X I S T  A T  C O N S I D E R A B L Y  L O W E R  T E M P E R A T U R E S  T H A N  
F O R  T H A T  C O N S I S T I N G  OF  O N L Y  A L B I T E  A N D  A N O R T H I T E .  Y O D E R  
(1953 9 P «  1 0 6 - 1 0 7 )  F O U N D  T H A T  A T  A W A T E R  P R E S S U R E  OF  5 , 0 0 0  
B A R S  T H E  E U T E C T I C  F O R  T H E  S Y S T E M  D I O P S I D E  -  A N O R T H I T E  H A S  A 
C O M P O S I T I O N  OF  A P P R O X I M A T E L Y  7 3 ^  A N O R T H I T E  A N D  H A S  A T E M P E R ­
A T U R E  o f  1 0 9 5 °  C .  O n  t h e  b a s i s  o f  t h i s  i n f o r m a t i o n  i t
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A P P E A R S  T H A T  A M E L T  C O N T A I N I N G  P L A G I O C L A S E  OF C O M P O S I T I O N  
A N ^ q  AND A FEW PER  C E N T  D I O P S I D E  C O U L D  E X I S T  A T  A T E M P E R A T U R E  
OF A R OUN D  9 0 0 °  C.
2 )  I t  i s  d i f f i c u l t  t o  v i s u a l i z e  t h e  n u m e r o u s  s m a l l
A N O R T H O S I T I C  P ODS W I T H I N  T H E  S I L L I M A N I T E  G N E I S S ,  SOME O N L Y  A 
FEW F E E T  A C R O S S ,  AS  H A V I N G  B E E N  F O R ME D  BY T HE  I N T R U S I O N  OF 
AN A N O R T H O S I T I C  M A G M A .  T H E I R  W I D E L Y  S E P A R A T E D  O C C U R R E N C E  
W I T H  R E S P E C T  TO T HE  L A R G E  A N O R T H O S I T E  B O D I E S  M A K E S  I T  S E E M 
U N L I K E L Y  T H A T  T H E Y  A R E  A P O P H Y S E S  OF T H E S E  B O D I E S .
C r y s t a l l i n e  M u s h
T h e  h i g h  t e m p e r a t u r e s  n e c e s s a r y  f o r  a n  a n o r t h o s i t i c
MAGMA H A V E  B O T H E R E D  MANY WOR K E R S  T R Y I N G  TO E X P L A I N  T HE 
O R I G I N  OF A N O R T H O S I T E S .  T H E Y  H A V E  E L I M I N A T E D  T H I S  P R O B L E M  
BY S U G G E S T I N G  T H A T  T HE  A N O R T H O S I T  ES WERE I N T R U D E D  I N  T H E  FORM 
OF A C R Y S T A L L I N E  MUSH C O N S I S T I N G  OF P L A G I O C L A S E  C R Y S T A L S .
E v i d e n c e  f o r  t h e  p o s s i b l e  i n t r u s i o n  o f  t h e  a n o r t h o s i t e s  a s  a
C R Y S T A L L I N E  MUSH I S  T H E  F O L L O W I N G :
1 )  T h e  m a x i m u m  u p p e r  l i m i t  o f  a b o u t  6 7 5 °  C p l a c e d  o n
M E T A M O R P H I S M  A D J A C E N T  TO T HE  A N O R T H O S I T E S  S U G G E S T S  T H E I R  
F O R M A T I O N  A T  T E M P E R A T U R E S  NOT G R E A T L Y  I N  E X C E S S  OF T H I S .
2 )  G e n e r a l l y  t h e  c o n t a c t s  b e t w e e n  t h e  a n o r t h o s i t e  a n d
Q U A R T Z  M O N Z O N I T I C  G N E I S S  ARE  S H A R P  AND R E P R E S E N T  E X T R E M E  
C H E M I C A L  D I S E Q U I L I B R I U M  B E T WE E N  T HE  TWO ROCK T Y P E S ,  W H I C H  
C O U L D  BE E X P L A I N E D  BY T HE  I N T R U S I O N  OF T HE  A N O R T H O S I T E S  AS 
A C R Y S T A L L I N E  M U S H .
3 )  S e v e r a l  a m p h i b o l i t e  p o d s  w i t h i n  t h e  ' a n o r t h o s i t e
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h a v e  THE A P P E A R A N C E  OF X E N O L I T H S .  HOWE VE R,  THE M A J O R I T Y  OF 
A M P H I B O L I T E  PODS W I T H I N  THE A N O R T H O S I T E S  DO NOT A P P E A R  TO BE 
X E N O L I T H S ,  BUT RATHER A P PE AR TO BE E L O N G A T E ,  NARROW ZONES  
WHI CH GRADE I NT O THE A N O R T H O S I T I C  HOST ROCK.
E v i d e n c e  a g a i n s t  i n t r u s i o n  o f  t h e s e  a n o r t h o s i t e s  i n  t h e
C R Y S T A L L I N E  S T A T E  I S  MORE I M P R E S S I V E .
1 ) T h e  a n o r t h o s i t e s  g e n e r a l l y  l a c k  a c a t a c l a s t i c  t e x ­
t u r e .  C a t a c l a s t i c  e f f e c t s  w e r e  o b s e r v e d  i n  o n l y  a f e w  o f  t h e
S I X T Y - F I V E  T H I N  S E C T I O N S .
2 )  As  I S  THE CASE FOR A M A G M A T I C  O R I G I N ,  I T  I S  D I F F I ­
CULT  TO V I S U A L I Z E  THE F O R M A T I O N  OF THE S MA L L  A N O R T H O S I T E  PODS 
BY T H I S  M E C H A N I S M .
A n a t e x I s
T h e  f o u r t h  p o s s i b l e  m o d e  o f  o r i g i n  o f  t h e s e  a n o r t h o ­
s i t e s  I S  THAT OF A N A T E X I S .  MUCH SUPPORT HAS BEEN G I V E N  TO 
SUCH A P O S S I B L E  O R I G I N  FOR A N O R T H O S I T E S  BY E X P E R I M E N T S  CON­
DUCTED b y  W i n k l e r  a n d  v o n  P l a t e n  ( 1 9 6 0 ) .
W i n k l e r  a n d  v o n  P l a t e n  s u b j e c t e d  s a m p l e s  o f  s h a l e  c o m ­
p o s e d  M A I N L Y  OF I L L I T E  AND QUART Z  TO V A R I O U S  T E MP E R A T U R E S  AT 
A WATER PRESSURE OF 2 , 0 0 0  B A R S .  Na CL AND C a CO^ WERE ADDED 
TO THESE S H A L E S  I N V A R Y I N G  AMOUNTS AND WERE FOUND TO HAVE A 
D E C I D E D  E F F E C T  ON THE M I N E R A L O G Y  OF THE MEL T  AND R E S I D U U M .
T h e y  f o u n d  t h a t  m e l t i n g  b e g a n  a t  7 ^ 0 °  C a n d  w a s  n o t  c o m ­
p l e t e d  AT A T E MP E RA T URE  OF 8 1 0 °  C ,  THE MAXI MUM A T T A I N E D  I N 
THESE E X P E R I M E N T S .  THE A N A T E C T I C  MEL T  BECAME MORE B A S I C  AT 
H I G H E R  T E MP E RA T URE S AS M E L T I N G  P ROG RE S S E D ,  AND THE C O M P O S I T I O N
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OF THE R E S I D U U M  BECAME MORE B A S I C  AS A L B I T E  AND Q U A R T Z  WERE 
REMOVED I N THE M E L T .  AT 8 1 0 °  C THE SY S T E M C O N S I S T E D  OF A 
ME L T  OF GRANODI  OR I T I C  C O M P O S I T I O N  AND A R E S I D U U M  OF L A B R A -  
D O R I T E  AND E I T H E R  B I O T I T E  OR D I O P S I D E .  I N ONE I N S T A N C E  
B I O T I T E  AND CORD I E R I T  E WERE OB S E R V E D  I N  THE R E S I D U U M .  THE 
C O M P O S I T I O N  AND AMOUNT OF P L A G I O C L A S E  I N THE R E S I D U U M  V A R I E D  
D E P E N D I N G  ON THE AMOUNT OF N a C L  AND C a C O ^  ADDED TO THE S H A L E .
W i n k l e r  a n d  v o n  P l a t e n  p r o p o s e  t h a t  a n a t e x i s  o f  s h a l e s  m a y
BE USED TO E X P L A I N  THE F O R M A T I O N  OF A N 0 R T H 0 S I T ES  , E S P E C I A L L Y  
THOSE A S S O C I A T E D  W I T H  QU A R T Z  M O N Z O N I T I C  AND GRANOD I OR I T I C
r o c k s . S u c h  a n  o r i g i n  f o r  a n o r t h o s i t e s  a v o i d s  t h e  t e m p e r a ­
t u r e  P ROB L EM E N COUNT ERE D W I T H  AN A N O R T H O S I T I C  MAGMA.
K r a n c k  ( 1 9 6 1 , P .  3 1 ^ )  m a k e s  t h e  s t a t e m e n t  w i t h  r e g a r d  
TO A N O R T H O S I T E S  OF E A S T E R N  C A N A D A :
T h e  c o n s t a n t  p r e s e n c e  o f  q u a r t z  m o n z o n i t i c  r o c k s  i s  o n e
OF THE P R I N C I P A L  P R OB L E MS  I N  THE P E T R O L O G Y  OF A N O R T H O ­
S I T E S .  A C L O S E  G E N E T I C  R E L A T I O N S H I P  BETWEEN T H E S E  ROCK 
T Y P E S  SEEMS E V I D E N T ,  THE F ACT  T HAT  THE M O N Z O N I T E S  S OME­
T I M E S  OCCUR AS L A T E R  I N T R U S I V E S  I N  THE A N O R T H O S I T E S  AND 
S O M E T I M E S  GRADE I N T O THEM MAKES THE I N T E R P R E T A T I O N  OF T H I S  
R E L A T I O N S H I P  D I F F I C U L T .
T h i s  g e n e t i c  r e l a t i o n s h i p  b e t w e e n  q u a r t z  m o n z o n i t e  a n d
A N O R T H O S I T  E CAN BE E X P L A I N E D  WEL L  BY THE A N A T E X I S  OF S H A L E S .
W i n k l e r  a n d  v o n  P l a t e n ’ s e x p e r i m e n t a l  w o r k  m a y  w e l l  b e  a
S O L U T I O N  TO THE O R I G I N  OF SOME A N O R T H O S I T E S .
I f t h e  p r o c e s s  o f  a n a t e x i s  i s  e m p l o y e d  t o  e x p l a i n  t h e
G E N E S I S  OF THE A N O R T H O S I T E S  I N THE B I T T E R R O O T  R A N G E ,  THEN THE 
QUART Z  M O N Z O N I T I C  G N E I S S  A S S O C I A T E D  W I T H  THE A N O R T H O S I T E S  
MUST HAVE AT ONE T I M E  BEEN M O L T E N ,  W H I L E  THE A N O R T H O S I T E S
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N E E D  N E V E R  H A V E  B E E N  M O L T E N ,  T H E R E  I S  NO F I E L D  E V I D E N C E  W H I C H  
C O N C L U S I V E L Y  S U P P O R T S  T H E  T H E S I S  T H A T  T H E  Q U A R T Z  M O N Z O N I T I C  
G N E I S S  WAS M O L T E N .  T H E  F O L L O W I N G  F I E L D  O B S E R V A T I O N S  F A V O R  AN 
A N A T E C T I C  O R I G I N  F OR T H E  A N O R T H O S I T E S :
1 )  T h e  c l o s e  s p a t i a l  r e l a t i o n  b e t w e e n  t h e  a n o r t h o s i t e s
A N D  Q U A R T Z  M O N Z O N I T I C  G N E I S S  A S  SHOWN I N  P L A T E S  2 ,  5 *  A N D  6  
S U G G E S T S  A G E N E T I C  R E L A T I O N  B E T W E E N  T HE  TWO ROCK T Y P E S .  T H E  
N U M E R O U S  Q U A R T Z  M O N Z O N I T I C  M A S S E S  I N  T H E  L A R G E R  A N O R T H O S I T E S  
F U R T H E R  S U B S T A N T I A T E  T H I S  S P A T I A L  R E L A T I O N  ( P L A T E  U ) 0
2 )  A M P H I B O L I T E  P ODS W I T H I N  T H E  S I L L I M A N I T E  G N E I S S  A R E  
A S S O C I A T E D  W I T H  T ON A  L I T  I C  S E G R E G A T I O N S ,  B UT  A M P H I B O L I T E S  
W I T H I N  T H E  A N O R T H O S I T E S  A R E  NOT A S S O C I A T E D  W I T H  S U C H  T O N A L -
i t e s .  T h i s  m i g h t  i n d i c a t e  t h a t  w i t h i n  t h e  a n o r t h o s i t e s
T E M P E R A T U R E S  WERE H I G H  E NOUGH  F OR G R E A T E R  M O B I L I Z A T I O N  OF 
T H E  T O N A L I T I C  M A T E R I A L .  H E R E ,  R A T H E R  T H A N  R E M A I N I N G  A D J A C E N T  
TO T HE  A M P H I B O L I T E S ,  T H E  T O N A L I T I C  M A T E R I A L  HAS  MO V E D  OUT  OF 
T HE  A N O R T H O S I T I C  R E S I D U U M  A L O N G  W I T H  T H E  Q U A R T Z  M O N Z O N I T I C
m e l t .  A n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  t o n a l i t i c  m a t e r i a l  i s
NOW F O U N D  S C A T T E R E D  T H R O U G H  T H E  A N O R T H O S I T E S .
3 )  T h e  f a c t  t h a t  t h e  a n o r t h o s i t e s  a r e  c o n f i n e d  t o  t h e
S I L L I M A N I T E  G N E I S S  S U G G E S T S  A G E N E T I C  R E L A T I O N  B E T W E E N  T H E  
TWO ROCK T Y P E S .  I F  T H E  S I L L I M A N I T E  G N E I S S  R E P R E S E N T S  A 
M E T A M O R P H O S E D  P E L I T I C  U N I T ,  T H I S  R E L A T I O N  CAN BE E X P L A I N E D  
BY S A Y I N G  T H A T  T H I S  I S  T H E  O N L Y  ROCK U N I T  I N  T H E  A R E A  W H I C H  
WOUL D P R O D U C E  AN A N O R T H O S I T I C  R E S I D U U M  ON P A R T I A L  M E L T I N G .
C o n t a c t  r e l a t i o n s  b e t w e e n  t h e  q u a r t z  m o n z o n i t i c
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G N E I S S  AND A N O R T H O S ! TE S U G G E S T  T H A T  T HE  Q U A R T Z  M O N Z O N I T I C  
G N E I S S  WAS M O L T E N  AT  A T I M E  WHEN T HE A N O R T H O S I T E  WAS S O L I D * ,
F i e l d  e v i d e n c e  a g a i n s t  a n  a n a t e c t i c  o r i g i n  c o n s i s t s  o f
T HE F O L L O W I N G  P O I N T :
1 )  I n c l u s i o n s  o f  s i l l i m a n i t e  g n e i s s  o r  a n y  o t h e r  r o c k
DO NOT OCCUR W I T H I N  T HE  Q U A R T Z  M O N Z O N I T I C  G N E I S S  AS WOULD BE 
E X P E C T E D  I F  T H I S  ROCK HAD B EE N  M O L T E N .
A l t h o u g h  t h e  f i e l d  e v i d e n c e  i n  f a v o r  o f  a n  a n a t e c t i c
O R I G I N  I S  F A R  FROM B E I N G  C O N C L U S I V E ,  MOST OF T HE  F I E L D  
R E L A T I O N S  ARE C O M P A T I B L E  W I T H  SUCH AN O R I G I N  FOR T H E S E  
A N O R T H O S I T E S  .
AS M E N T I O N E D  P R E V I O U S L Y ,  W l N K L E R  AND VON P L A T E N ’ S 
E X P E R I M E N T S  W I T H  T HE  U L T R A M E T A M O R P H I S M  OF S H A L E S  H AV E  S HED 
L I G H T  ON T HE A N O R T H O S I T E  P R O B L E M .  A P O S S I B I L I T Y  A D V A N C E D  
HERE R E G A R D I N G  T HE A N O R T H O S I T E S  I N  T HE B I T T E R R O O T  RAN GE  I S  
T H A T  T HE S I L L I M A N I T E  G N E I S S  I S  A P A R A G N E I S S  W H I C H  HAS 
R E S U L T E D  FROM T HE M E T A M O R P H I S M  OF P R E C A M B R I A N  B E L T I A N  ROCK 
AND T H A T  A N A T E X I S  OF T H I S  ROCK R E S U L T E D  I N  T HE F O R M A T I O N  OF 
A N O R T H O S I T  ES A ND Q U A R T Z  M O N Z O N I T I C  G N E I S S .
TO T HE  NORTH OF T HE A R E A  I N  W H I C H  T H E  A N O R T H O S I T  ES
o c c u r , t h e  P r i c h a r d  F o r m a t i o n  o f  t h e  B e l t  S u p e r g r o u p  i s
F OUND I N  V A R Y I N G  S T A G E S  OF M E T A M O R P H I S M  ( W E H R E N B E R G ,  1 9 6 ^ ,  
P E R S O N A L  C O M M U N I C A T I O N ) .  WE H R E N B E R G  HAS T R A C E D  T HE  P R I C H A R D  
F o r m a t i o n  i n t o  a  s i l l i m a n i t e  s c h i s t  i n  t h e  Mo r m o n  C r e e k  a r e a  
( F i g .  1 ) .  T h e  s i l l i m a n i t e  s c h i s t  g r a d e s  i n t o  a  k y a n i t e  
s c h i s t  a n d  t h i s  i n t o  a  t w o - m i c a  s c h i s t . S i n c e  t h e  P r i c h a r d
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T a b l e  16 .  C h e m i c a l  A n a l y s e s  o f  Ro c k s  f r o m  t h e  B i t t e r r o o t  
Ra n g e , A r g i l l i t e s  f r o m  t h e  B e l t  S u p e r g r o u p , a n d  a S h a l e  
P a r t i a l l y  Me l t e d  b y  W i n k l e r  a n d  v o n  P l a t e n
E x p
#87 < # 772  # 89 2  5 4 - 4 1 8SC 5 4 -42 3S C  54 -425SC  S h a l e
s ' 0 2 5 6 . 2 7 2 . 1 6 7 . 7 7 0 . 4 6 3 - 3 6 2 . 9 5 2 . 6 9
A L 2 0 3 2 6 . 7 1 6 . 9 21 . 6 1 7 . 6 2 4 . 4 1 7 . 6 1 8 . 2 0
F e 2 ° 3 1 . 0
N 1 L N 1 L 2 . 2 1 . 3 1 . 7 3 . 1 4
F e O 0 . 31 0 . 6 3 2 . 8 0 . 2 7 0 . 0 8 3 . 8 0 . 9 2
Mn O 0 . 0 0 5 0 . 0 0 5 0 . 0 2 0 . 0 1 ------ 0 . 0 4 0 . 0 2
Mg O 0 . 0 7 0 . 1 7 0 . 2 9 0 . 2 6 0 . 1  4 2 . 9 2 . 2 2
C a O 1 0 . 1 2 A 1 . 2 0 . 1 7 0 . 2 0 0 . 7 9 5 . 1 8
N a 2 0 .̂7 3 A 1 . 9 1 . 2 0 . 2 7 1 . 6 3 . 2 5
k 2° 0 . 1 5 3 . 8 2 . 6 4 . 9 6 . 7 4 . 3 2 . 7 5
T 1 ° 2 0 . 0 5 0 . 0 8 0 . 5 4 0 . 6 4 0 . 4 0 0 . 6 9 0 . 6 9
0 0 0 . 0 5 3 0 . 0 ^ 5 0 . 2 9 < 0 . 0 5 < 0 . 0 5 0 . 8 4 3 . 1 7
H 20 0 . 1 2 0 . 2 6 0 . 9 7 2 . 2 3 . 0 2 . 8 4 . 5 1
S a m p l e # R o c k  T y p e L o c a t 1 ON
875
772
892
5 4 - 4 1 8SC 
54-423SC 
54-425SC
A N O R T H O S I T E  
Q u a r t z  Mo n z  
G n e i s s
S I L L  I MAN I T E
G n e 1ss
PR I CHARD  
PR I CHARD  
S t . R e g i s
B a s s  C r e e k  ( P l a t e  2 )
Ba s s  C r e e k  ( P l a t e  1 )
A C O M P O S I T E  SA MPL E OF S P E C I M E N S
# 5 9 , # 2 1 2 ,  # ^ 2 6 ,  # 2 9 3  AND # 2 1 0  
I d a h o  ( R o s s ,  1 9 6 3 ,  p .  ^ 8 )
I d a h o  ( R o s s , 1 9 6 3 ,  p .  ^ 8 )
M o n t a n a  ( R o s s ,  19 6 3 9 p -  ^ 8 )
E x p . S h a l e  i s  a n  a n a l y s i s  o f  t h e  s h a l e  w h i c h  p r o d u c e d  t h e
MELT AND R E S I D U U M SHOWN I N T A B L E  17 ( W l N K L E R  AND VON P L A T E N ,
1 9 6 0 , p .  2 9 6 ) .  A n a l y s e s  o f  s p e c i m f n s  # 8 7 5 , # 7 7 2 , a n d  #892
WERE MADE BY T E C H N I C A L  S E R V I C E S  L A B O R A T O R I E S ,  T OR ON T O.
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T a b l e  1 7 . M o d a l  C o m p o s i t i o n s  o f  R o c k s  f r o m  t h e  B i t t e r r o o t  
R a n g e  a n d  T h o s e  P r o d u c e d  b y  t h e  U l t r a m e t a m o r p h i s m  o f  S h a l e s  
a t  8 1 0 °  C b y  W i n k l e r  a n d  v o n  P l a t e n
Q T Z .  M O N Z o A n a t e c t i c  A n o r t h o -  A n a t e c t i c  
G n e i s s  M e l t  s i t e s  R e s i d u u m
4< 
7  6 <
An 6 5
1 9 #
A n a t e c t i c  m e l t  a n d  a n a t e c t i c  r e s i d u u m  f o r m e d  e x p e r i m e n t a l l y  
b y  W i n k l e r  a n d  v o n  P l a t e n  b y  t h e  u l t r a m e t a m o r p h i s m  o f  a
S H A L E  OF T HE  C O M P O S I T I O N  G I V E N  I N  T A B L E  1 6  A T  A T E M P E R A T U R E  
OF 8 1 0 °  C AND A P R E S S U R E  OF 2 , 0 0 0  AT M 0 ( W l N K L E R  AND VON
P l a t e n ,  1 9 6 0 , p .  3 0 3 ,  3 0 7 ) *  A t  t h i s  t e m p e r a t u r e  a n d  p r e s ­
s u r e  6 3 % OF THE S T A R T I N G  M A T E R I A L  HAD M E L T E D .  THE QUARTZ 
M O N Z O N I T I C  G N E I S S  AND A N O R T H O S I T  E MODES ARE THE AVERAGE MODES 
FOR THESE ROCK T Y P E S .  THE 4 #  B I O T I T E  SHOWN I N THE A N O R T H O -  
S I T E  MODE I N C L U D E S  C H L O R I T E  WHI CH A P P E A R S  TO HAVE A L T E R E D  
FROM B I O T I T E .
Q u a r t z 2 8 # 2 8 # 3 #
P L A G 1OCL ASE LO 0
0 4 6 # 9 3 #
A v e . C o m p , 
o f  P l a g . A n 2 9 A n 31 A n 51
P e r t h i t e 2 7 # 1 9 . 5 # - -
B i o t i t e 6% 6 . 5# 4 #
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F o r m a t i o n  i s  f o u n d  t o  t h e  n o r t h  o f  t h e  a r e a  i n  w h i c h  t h e
A N O R T H O S I T E S  ARE  F O U N D ,  I T  S E E M S  L I K E L Y  T H A T  T H E  S I L L I M A N I T E  
G N E I S S  R E P R E S E N T S  ONE OF T HE  LOWER F O R M A T I O N S  OF T H E  B E L T  
S u p e r g r o u p  w h i c h  h a s  u n d e r g o n e  i n t e n s e  m e t a m o r p h i s m .  B o t h  
T HE G R E A T  T H I C K N E S S  OF T HE  P R I C H A R D  AND I T S  O C C U R R E N C E  I N  
T HE FORM OF A S I L L I M A N I T E  S C H I S T  TO T H E  N O R T H  MA K E  T H E
P r i c h a r d  a  l i k e l y  p o s s i b l e  p a r e n t  r o c k  o f  t h e  s i l l i m a n i t e  
G N E I S S .
W i n k l e r  a n d  v o n  P l a t e n  ( 1 9 6 0 ) f o u n d  t h a t  a t  8 1 0 °  C a n d
A WATER PRES S U R E  OF 2 , 0 0 0  A T M .  A S H A L E  OF THE C O M P O S I T I O N  
g i v e n  i n  T a b l e  1 6 w o u l d  u n d e r g o  a n a t e x i s  a n d  t h e  l i q u i d
F R A C T I O N  WOULD WHEN C R Y S T A L L I Z E D  BE QU A R T Z  M O N Z O N I T I C  I N  COM­
P O S I T I O N .  A C O M P A R I S O N  BETWEEN THE M I N E R A L 0 G I C A L  C O M P O S I T I O N  
OF T H I S  MEL T  WHEN C R Y S T A L L I Z E D  AND THE QU A R T Z  M O N Z O N I T I C  
G N E I S S  SHOWS GOOD AGREEMENT ( T A B L E  1 7 ) .  THE C O M P O S I T I O N  OF 
THE P L A G I O C L A S E  OF THE TWO I S ABOUT  THE S A ME ,  AND THE AMOUNT 
OF MAJOR M I N E R A L S  I S  AL S O Q U I T E  C L O S E .  AL SO I N T A B L E  1 7  A 
C OMP A R I S ON  I S  MADE BETWEEN THE C O M P O S I T I O N  OF THE A N O R T H O -  
S I T I C  R E S I D U U M  AND THE C O M P O S I T I O N  OF THE B I T T E R R O O T  A N O R T H -
o s i t e s . T h i s  c o m p a r i s o n  s h o w s  l e s s  a g r e e m e n t  b e t w e e n  t h e  
TWO R OC K S .  T h e  P L A G I O C L A S E  i s  c o n s i d e r a b l y  m o r e  c a l c i c  i n  
THE  A N A T E C T I C  R E S I D U U M  PRODUCED E X P E R I M E N T A L L Y  BY W l N K L E R  AND
v o n  P l a t e n  ( A n ^  a s  c o m p a r e d  t o  A n ^ - j ) ,  a n d  t h e r e  i s  m u c h  m o r e
B I O T I T E  I N THE R E S I D U U M  ( 1 9 #  AS COMPARED TO ) .  THE C O N S I D ­
E RA BL Y H I G H E R  B I O T I T E  CONTENT OF THE A N O R T H O S I T I C  R E S I D U U M  
PRODUCED E X P E R I M E N T A L L Y  M I G H T  BE E X P L A I N E D  BY A D I F F E R E N C E
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B E T  WE E N T H E  C O M P O S I T I O N  OF T H E  S T A R T I N G  M A T E R I A L  U S E D  BY
W i n k l e r  a n d  v o n  P l a t e n  a n d  t h a t  o f  t h e  s i l l i m a n i t e  g n e i s s *
T h e  t o t a l  F e ^ O ^  a n d  M g O i n  t h e  s h a l e  i s  6 . ^ # ,  b u t  t h e  t o t a l  
FOR T HE  S AME O X I D E S  I N  T H E  S I L L I M A N I T E  G N E I S S  I S
T h e  m a j o r  d i f f i c u l t y  e n c o u n t e r e d  i n  e x p l a i n i n g  t h e  
A N O R T H O S I T  ES ON T H E  B A S I S  OF O N L Y  A N A T E X I S  I S  A P P A R E N T  I F  A 
C O M P A R I S O N  I S  MADE  B E T W E E N  T H E  C H E M I C A L  C O M P O S I T I O N  OF T HE  
S I L L I M A N I T E  G N E I S S ,  A N O R T H O S I T  E , AND Q U A R T Z  M O N Z O N I T I C  G N E I S S
( T a b l e  16 ) .  A c o m p a r i s o n  b e t w e e n  t h e  m o d e s  a n d  n o r m s  f o r
T H E S E  ROCK T Y P E S  A L S O  P O I N T S  UP T H I S  D I F F I C U L T Y  ( T A B L E  1 8 ) .
I f  THE QUA RT Z  M O N Z O N I T I C  g n e i s s  a n d  a n o r t h o s i t e  a r e  d e r i v e d  
FROM THE S I L L I M A N I T E  G N E I S S ,  THE S I L L I M A N I T E  G N E I S S  SHOUL D 
BE OF A C O M P O S I T I O N  BETWEEN T H A T  OF THE A N O R T H O S I T E  AND QU A R T Z  
M O N Z O N I T I C  G N E I S S ,  R E G A R D L E S S  OF THE P R O P O R T I O N S  I N WHI CH 
T HE SE  TWO ROCKS WERE P R O D U C E D .  A C O M P A R I S O N  BETWEEN THE 
A N A L Y S E S  FOR T H E S E  ROCKS SHOWN I N T A B L E  1 6  SHOWS T H A T  THE 
S I L L I M A N I T E  G N E I S S  I S  I N T E R M E D I A T E  I N C O M P O S I T I O N  BETWEEN THE 
OTHER TWO ROCKS I N TERMS OF S I  0 ̂  AND A L 2 0 ^ .  H OWE VE R,  THE 
S I L L I M A N I T E  G N E I S S  I S  S I G N I F I C A N T L Y  H I G H E R  I N I RON AND MAG­
N E S I U M  THAN E I T H E R  OF THE OTHER R O C K S .  THE MOST S T R I K I N G  
D I S C R E P A N C Y  I S  I N THE AMOUNT OF C a O AND N a 2 0 .  T HE RE  I S  1 0 . 1 #  
CaO I N THE A N O R T H O S I T E  S P E C I M E N ,  2 . ^ #  I N THE QU A R T Z  MONZO­
N I T I C  G N E I S S  S P E C I M E N ,  AND 1 . 2 #  I N THE C O M P O S I T E  S A MP L E  OF
t h e  s i l l i m a n i t e  g n e i s s .  T h e  s i l l i m a n i t e  g n e i s s  i s  a l s o  l o w  
i n  Na 2 0 ;  t h e r e  i s  ^ * 7 #  Na 2 0 i n  t h e  A N O R T H O S I T E  S P E C I M E N ,  3 . ^ #  
I N THE QUART Z  M O N Z O N I T I C  G N E I S S  S P E C I M E N ,  AND 1 . 9 #  I N  THE
- 127 -
T a b l e  1 8 .  M o d e s  a n d  M o l e c u l a r  N o r m s  o f  S p e c i m e n s  # 8 7 5 *  # 7 7 2 ,  
a n d  # 8 9 2
P E C 1 M E N
# 8 7 5 # 7 7 2 # 8 9 2
M i n e r a l Mo d a l  P er C e n t
Qu a r t z 2 6 %
P l a g 1OCLASE 9 3 3 % 2 M
Av e . Co m p , 
o f  Pl a g .
a » 51
A n 26 A n 2 6
P o t a s h  F e l d s p a r TR .
P e r t h  i t e 31% 8%
B 1o t 1t e 2% 1 8%
C h l o r 1TE 2% 2% T R .
M u s c o v 1TE 2 #
S 1 L L 1 MAN 1TE H
Mo l e c u l a r Nor m
Q 3 . 8 3 0 . ^ il-1 . 0
OR 2 . 5 2 2 . 5 1 5 . 5
AB ^ 2 . 0 3 0 . 7 1 7 . 0
AN ^ 9 . 5 11 . 8 5 . 5
C ----- 3 . 3 1 5 * 8
EN 1 . 0 0 . 5 0 . 8
FS ----- 0 . 9
1 L ----- ----- 0 . 6
MT 0 . 9 mm ^  mm 3 . 6
T OTAL 9 9 . 7 1 0 0 . 0 9 9 . 6
M o l e c u l a r  n o r m s  c a l c u l a t e d  f r o m  c h e m i c a l  a n a l y s e s  g i v e n  i n  
T a b l e  1 6 .
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C O M P O S I T E  S P E C I M E N  OF T HE  S I L L I M A N I T E  G N E I S S #
I f  t h e  a s s u m p t i o n  i s  m a d e  t h a t  t h e  c h e m i c a l  a n a l y s e s
ARE  R E P R E S E N T A T I V E ,  T H E N  SOME E X P L A N A T I O N  MUST  BE MADE FOR 
T HE D I S C R E P A N C Y  I N  C H E M I C A L  C O M P O S I T I O N .  ONE P O S S I B I L I T Y  I S  
T H A T  T H E  S I L L I M A N I T E  G N E I S S  S E E N  NOW I S  NOT OF T HE  SAME C O M ­
P O S I T I O N  AS T H A T  W H I C H  P A R T I A L L Y  M E L T E D  TO FORM T H E  Q U A R T Z  
M O N Z O N I T I C  G N E I S S  AND A N O R T H O S I T I C  R E S I D U U M .  T H E  ROCK W H I C H  
P A R T I A L L Y  M E L T E D  C O N T A I N E D  MORE N a 2 0 AND C a O .  C O N S I D E R I N G  
T HE W I D E  RAN GE  OF C O M P O S I T I O N  C H A R A C T E R I S T I C  OF S E D I M E N T S  OF
t h e  B e l t  S u p e r g r o u p , i t  i s  n o t  u n l i k e l y  t o  f i n d  a r o c k  w h i c h  
C O N T A I N S  MORE N a 2 0 AND MORE C a O  T H A N  T H A T  I N  T H E  S I L L I M A N I T E
g n e i s s .  W i n k l e r  a n d  v o n  P l a t e n  i n  t h e i r  e x p e r i m e n t a l  w o r k
W I T H  T HE  P A R T I A L  M E L T I N G  OF S H A L E S  F OU N D  T H A T  T HE  A D D I T I O N  
o f  N a C l  TO T H E S E  S H A L E S  HAD A S I G N I F I C A N T  E F F E C T  ON T HE  
A MOUNT  OF M E L T  F O R ME D  A T  A G I V E N  T E M P E R A T U R E  ( T A B L E  1 9 ) .  T H E  
A D D I T I O N  OF N a C l  A I D E D  M E L T I N G  OF T HE S H A L E ,  WH E R E A S  T HE  
A D D I T I O N  OF C a C O ^  HAD L I T T L E  E F F E C T .  ON T H E  B A S I S  OF T H I S  
E X P E R I M E N T A L  WO R K ,  I T  S E E M S  P L A U S I B L E  T H A T  T HE  A N O R T H O S I T E S  
H A V E  F OR ME D  BY T HE  P A R T I A L  M E L T I N G  OF S H A L E  W H I C H  C O N T A I N E D  
MORE C a O  AND N a 2 0  T H A N  T H A T  F O U N D  I N  T H E  S U R R O U N D I N G  S I L L I ­
M A N I T E  G N E I S S .  I t  A L S O  S E E MS  L I K E L Y  T H A T  T H I S  P A R T I A L  M E L T ­
I NG O C C U R R E D  A T  A T E M P E R A T U R E  LOWER T H A N  T H A T  N E C E S S A R Y  FOR  
T HE  M E L T I N G  OF T HE S H A L E  NOW R E P R E S E N T E D  BY T H E  S I L L I M A N I T E  
G N E I S S  .
A n o t h e r  p o s s i b l e  e x p l a n a t i o n  f o r  t h e  c o m p o s i t i o n  o f  t h e  
A N O R T H O S I T E S  I S  T H A T  A N A T E X I S  WAS F O L L O W E D  BY NA AND CA
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T a b l e  19
AND VON
A m o u n t
A d d e d
R e s u l t s  o f  
P l a t e n
o f  Ma t e r i a l  
t o  S h a l e
P a r t i a l  M e l t i n g  
We 1GHT
o f  S h a l e s  
% M e l t e d
b y  W i n k l e r  
AT 2 ,0 0 0  A T M .
% CACO3 % N a C l 7 8 0 °  C 8 1 0°  C
5 3 32 k8
8 3 23 39
15 3 3k 53
5 6 50 81
8 6 k j 63
15 6 k l 71
W l N K L E R  AND VON P L A T E N ,  1 9 6 0 ,  P .  3 0 7 .
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M E T A S O M A T I S M . THE AMOUNT OF NA AND C a I NT R OD UC E D  WOULD NOT 
BE NEA RL Y  AS GREAT AS I F  THE A N O R T H O S I T  ES WERE E X P L A I N E D  
E N T I R E L Y  BY T H I S  PROCESS • THE MOST C O N V E N I E N T  SOURCE FOR NA 
AND CA I S  THE S U R R OU ND I N G S I L L I M A N I T E  G N E I S S .  I F  THE COMPO­
S I T I O N  OF THE A N O R T H O S I T E S  I S  E X P L A I N E D  BY M E T A S O M A T I S M ,  THE  
QUARTZ M O N Z O N I T I C  G N E I S S  SHOULD A L S O HAVE BEEN A F F E C T E D  BY
t h i s  p r o c e s s . H o w e v e r , t h e  c o m p o s i t i o n  o f  t h e  q u a r t z  m o n z o -  
N I T I C  G N E I S S  I S  CLOSE TO T HAT OF THE M A T E R I A L  PRODUCED  
E X P E R I M E N T A L L Y  BY THE P A R T I A L  M E L T I N G  OF S H A L E S ,  AND THUS I T  
A P PE ARS  U N L I K E L Y  T HA T  I T S  C O M P O S I T I O N  HAS BEEN CHANGED S I G ­
N I F I C A N T L Y  BY L A T E R  M E T A S O M A T I S M .  BE CAUSE OF T H I S  PROBLEM  
ENCOUNTERED I N A M E T A S O M A T I C  E X P L A N A T I O N ,  A MORE L I K E L Y  
E X P L A N A T I O N  FOR THE C O M P O S I T I O N  OF THE A N O R T H O S I T  ES I S  T HAT  
THEY WERE D E R I V E D  FROM A ROCK OF C O M P O S I T I O N  SOMEWHAT D I F F E R ­
ENT THAN T HAT OF THE S I L L I M A N I T E  G N E I S S .
T h e  t e m p e r a t u r e  o f  8 0 0 °  C a p p a r e n t l y  n e e d e d  t o  p r o d u c e
A N O R T H O S I T E S  OF A P P R O X I M A T E L Y  THE C O M P O S I T I O N  OF THOSE I N THE
B i t t e r r o o t  Ra n g e , o n  t h e  b a s i s  o f  W i n k l e r  a n d  v o n  P l a t e n ’ s
WORK,  I S  C O N S I D E R A B L Y  H I G H E R  THAN T HAT E S T I M A T E D  FOR THE 
G N E I S S  SURROUNDI NG THE A N 0 R T H O S I T E S . THE MAXI MUM T E MP E RA T URE  
FOR T HESE G N E I S S E S  I S  E S T I M A T E D  AT 5 2 5 °  TO 6 7 5 °  C .  A S S U M I N G  
A GEOTHERMAL  G R A D I E N T  OF 3 0 °  C / k M A T E MP E RA T URE OF 8 0 0 °  C 
R E Q U I R E S  A DEPTH OF A P P R O X I M A T E L Y  2 6 K M .  I t  I S  D I F F I C U L T  TO 
E N V I S I O N  THE ROCKS OF THE B I T T E R R O O T  RANGE AT T H I S  GREAT 
D E P T H .  I T  I S  P O S S I B L E  T HAT  THE A N O R T H O S I T  ES FORMED AT A T I M E  
WHEN THERE WAS A VERY ST E EP GEOTHERMAL  G R A D I E N T  I N THE A R E A ,
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SUCH AS D U R I N G  B A T H O L I T H I C  I N T R U S I O N .
T h e  t e m p e r a t u r e  d i s c r e p a n c y  i s  d i f f i c u l t  t o  e x p l a i n
WHEN P R O P O S I N G  AN A N A T E C T I C  O R I G I N  FOR T H E S E  A N O R T H O S I T E S .
A t h i g h e r  w a t e r  p r e s s u r e  m u s c o v i t e  i s  s t a b l e  a t  h i g h e r
T E M P E R A T U R E S ,  AND THUS THE MAX I MUM T E M P E R A T U R E  R E P R E S E N T E D  
FOR THE S U R R O U N D I N G  ROCKS M I G H T  BE H I G H E R  THAN 6 7 5 °  C ( Y O D E R
a n d  E u g s t e r ,  19 5 5 >  p *  2 6 7 ) .  A l s o  a t  a h i g h e r  w a t e r  p r e s s u r e
I T  WOULD BE E X P E C T E D  T HAT A R E S I D U U M  OF A N O R T H O S I T I C  COMPO­
S I T I O N  COULD BE PRODUCED AT A T E M P E R A T U R E  LOWER THAN 8 1 0 °  C .  
AS P R E V I O U S L Y  P O I N T E D  OUT THE D I F F E R E N C E  I N  C O M P O S I T I O N  
BETWEEN THE P A RENT  ROCK OF THE ANORTHOS I TES OF THE B I T T E R R O O T
Ra n g e  a n d  s h a l e  u s e d  b y  W i n k l e r  a n d  v o n  P l a t e n  m i g h t  a c c o u n t  
FOR A D I F F E R E N C E  I N THE T E M P E R A T U R E  TO WH I C H  T H E S E  TWO 
M A T E R I A L S  WOULD HAVE TO BE S U B J E C T E D  I N ORDER TO PRODUCE A 
R E S I D U U M  OF A G I V E N  C O M P O S I T I O N .  T H I S  I S  BROUGHT OUT BY THE  
F ACT T HA T  THE A V E RAGE C O M P O S I T I O N  OF P L A G I O C L A S E  I N  THE  
A N O R T H O S I T E S  I N THE B I T T E R R O O T  RANGE I S  AN^ - j , WHEREAS T HAT  I N 
THE A N O R T H O S I T I C  R E S I D U U M  FORMED E X P E R I M E N T A L L Y  BY W l N K L E R
a n d  v o n  P l a t e n  i s  A n ^ .  T h e  p a r e n t  r o c k  o f  t h e  a n o r t h o s i t e s  
o f  t h e  B i t t e r r o o t  Ra n g e  m a y  h a v e  c o n t a i n e d  m o r e  Na a n d  t h u s  
p a r t i a l l y  m e l t e d  a t  a l o w e r  t e m p e r a t u r e  t h a n  t h e  s h a l e  u s e d  
b y  W i n k l e r  a n d  v o n  P l a t e n .
S i n c e  t o n a l i t i c  p o d s  a r e  f o u n d  w i t h i n  t h e  a n o r t h o s i t e s
AND A L SO OCCUR I N A MANNER S I M I L A R  TO T HAT  OF THE A N OR T H O­
S I T E S  W I T H I N  THE S I L L I M A N I T E  G N E I S S ,  I T  SEEMS T HA T  I F  THE 
A N O R T H O S I T E S  ARE E X P L A I N E D  BY A N A T E X I S ,  THE T ON A L  I T E S  SHOULD
- 1 3 2 -
BE A L S O .  A P O S S I B L E  CAUSE FOR T H E I R  MORE A C I D I C  C O M P O S I T I O N ,  
AS COMPARED TO T HAT  OF THE A NORT H0 S I T E S  , I S  A N A T E X I S  UNDER 
LOWER T E M P E R A T U R E .  U L T R A M E T A M O R P H ! SM OF THE S H A L E ,  FROM 
WHI CH AN A N O R T H O S I T I C  R E S I D U U M  WAS E X P E R I M E N T A L L Y  F O R ME D ,  AT 
LOWER T E M P E RA T UR E S  WOULD PRODUCE A R E S I D U U M  OF C O M P O S I T I O N  
CLOSE TO T HAT OF THE T ONAL  I TES o FROM W I N K L E R  AND VON P L A T E N ' S  
DATA A T E MP E RA T UR E  OF AROUND 7 3 0 °  C AND A WATER PRES S U R E  OF 
2 , 0 0 0  A T M .  SEEM MOST L I K E L Y  ( T A B L E  2 0 ) .  THE MEL T  PRODUCED 
UNDER T HES E  C O N D I T I O N S  WAS FOUND TO BE G R A N I T I C  I N C O M P O S I ­
T I O N .  S i n c e  n o  g r a n i t i c  r o c k  c r o p s  o u t  i n  t h e  v i c i n i t y  o f
THE A N O R T H O S I T E S , I T  SEEMS L I K E L Y  T HA T  T H I S  MEL T  WAS M I X E D  I N 
WI T H  THE QUART Z  M O N Z O N I T I C  M E L T .  THE AMOUNT OF TONA L I  T E 
W I T H I N  THE A N O R T H O S I T  ES A P P E A R S  TO BE S MA L L  I N  C O M P A R I S O N  TO 
THE AMOUNT OF ROCK OF A N O R T H O S I T I C  C O M P O S I T I O N ,  AND T HEREF ORE 
THE E F F E C T  OF THE A D D I T I O N  OF THE G R A N I T I C  MEL T  ON THE COM­
P O S I T I O N  OF THE QUART Z  M O N Z O N I T I C  MEL T  WOULD BE S L I G H T .
T h e  t o n a l s t e s  m i g h t  a l s o  h a v e  b e e n  f o r m e d  b y  t h e
A N A T E X I S  OF A ROCK WHI CH C O N T A I N E D  MORE S l O ^  AND K ^ O THAN 
THE PARENT ROCK OF THE A N 0 R T H 0 S I T E S • I F A ROCK C O N T A I N I N G  
MORE Si C>2 AND K 2 O WERE P A R T I A L L Y  M E L T E D ,  THE C O M P O S I T I O N  OF 
THE MEL T  WOULD P R OB AB L Y  BE G R A N I T I C  OR QUART Z  M O N Z O N I T I C .
Ho w e v e r , t h e  m o r e  a c i d i c  c o m p o s i t i o n  o f  t h e  p a r e n t  r o c k  w o u l d
BE R E F L E C T E D  TO A L ARGER EX T E NT  I N THE R E S I D U U M  THAN I N THE
m e l t . Ra t h e r  t h a n  b e i n g  a n o r t h o s i t i c  i n  c o m p o s i t i o n , t h e
R E S I D U U M MI G H T  BE T O N A L I T I C  I N C O M P O S I T I O N .
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T a b l e  2 0 .  M o d a l  C o m p o s i t i o n  o f  T o n a l i t e  a n d  R e s i d u u m  
P r o d u c e d  E x p e r i m e n t a l l y  b y  W i n k l e r  a n d  v o n  P l a t e n
E x p .  R e s i d u u m
7 1 5 °  C 7800 c
A v e r a g e  
T o n a l i t e
Q u a r t z
P l a g i O C L A S E
A v e .  C o m p , 
o f  P l a g .
P o t a s h
F e l d s p a r
B i o t i t e
51%
Av 
1 2%
1% 
11%
1 6 %
2 8  i
A n 34 
7%
C o m p a r i s o n  b e t w e e n  m i n e r a l o g i c a l  c o m p o s i t i o n  o f
R E S I D U U M  P R O D U C E D  BY T HE  P A R T I A L  M E L T I N G  OF A S H A L E  OF T HE  
C O M P O S I T I O N  G I V E N  I N  T A B L E  'I 6 AT A P R E S S U R E  OF 2 , 0 0 0  A T M .  
( W I N K L E R ,  1 9 6 0 ,  P .  3 0 7 )  AND T HE  A V E R A G E  M I N E R A  L OG I C A L  COM­
P O S I T I O N  OF T O N A L I T E  FROM T HE  B I T T E R R O O T  R A N G E .  AT  A 
T E M P E R A T U R E  OF 7 1 5 °  C NO M E L T I N G  TOOK P L A C E  AND T HE  M I N E R A ­
LOG I C A L  C O M P O S I T I O N  R E P R E S E N T S  T H A T  F OR T H E  WHOL E S H A L E  AT  
T H I S  T E M P E R A T U R E .  AT 7 ^ 0 °  C 4 3 % OF T HE S H A L E  HAD M E L T E D  
F O R M I N G  A M E L T  OF G R A N I T I C  C O M P O S I T I O N .
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O r ! g i n o f  A l b i t e  V e i n s  
T h e  f a c t  t h a t  t h e  m i a r o l i t i c  a l b i t e  v e i n s  a r e  c o n f i n e d
TO T HE  A N O R T H O S I T  ES S U G G E S T S  T H A T  T H E R E  I S  A G E N E T I C  R E L A ­
T I O N  B E T W E E N  T H E S E  TWO ROCK T Y P E S .  T H E Y  A R E  A P P A R E N T L Y  OF 
H Y D R O T H E R M A L  O R I G I N .  T H E  L A C K  OF Q U A R T Z  AND P O T A S H  F E L D S P A R  
I N  T H E S E  V E I N S  M A K E S  I T  S E E M U N L I K E L Y  T H A T  T H E Y  ARE  OF M A G -  
M A T I C  O R I G I N .  T H E  R E S T R I C T I O N  OF T H E S E  V E I N S  TO T H E  A N O R T H -  
O S I T E S  I S  MOST  R E A D I L Y  E X P L A I N E D  BY A L O C A L  S O U R C E  F OR T H E  
A L B I T E ,  N A M E L Y  T H E  S U R R O U N D I N G  A N O R T H O S I T E • P O S S I B L Y ,  A F T E R  
T HE  F O R M A T I O N  OF T H E  A N 0 R T H 0 S I T E S , P R E S S U R E  AND T E M P E R A T U R E  
WERE S U F F I C I E N T L Y  H I G H  FOR A L B I T E  TO M I G R A T E  I N T O  F R A C T U R E S  
W I T H I N  T H E  A N O R T H O S ! T E S . T H E  G R E A T  A MOU N T  OF S E R I C I T I  Z A T  I 0 N 
OF T HE  A L B I T E  W I T H I N  T H E S E  V E I N S ,  AS  C O M P A R E D  TO T H E  G E N E R A L  
L A C K  OF S ER  I C I T I  Z A T  I ON OF P L A G I O C L A S E  W I T H I N  T H E  A N O R T H O -
s i t e s , i s  i n d i c a t i v e  o f  h y d r o t h e r m a l  a c t i v i t y .  T h e  a b u n d a n c e
OF M I A R O L I T E S  I N  T H E  V E I N S  I M P L I E S  F O R M A T I O N  I N  O P E N  
F R A C T U R E S .
O r i g i n  o f  A m p h i b o l i t e s  
T h e  a m p h i b o l i t e  p o d s  a n d  l a y e r s  f o u n d  i n  t h e  s i l l i —
MAN I T E G N E I S S  AND A N O R T H O S I  T E MAY H A V E  R E S U L T E D  F ROM T HE  
M E T A M O R P H I S M  OF D I A B A S E  D I K E S  S UCH AS T H O S E  F O U N D  F A R T H E R  TO 
T HE N O R T H  A R O U N D  MORMON C R E E K  ( j .  P .  W E H R E N B E R G ,  P E R S O N A L  
C O M M U N I C A T I O N ,  1 9 6 4 ) .  F I E L D  R E L A T I O N S H I P S  S U G G E S T  D I K E S  WERE 
D I S R U P T E D  WHEN T HE  S U R R O U N D I N G  R OC K S  WERE I N  A P L A S T I C  S T A T E .
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SOME A M P H I B O L I T E S , E S P E C I A L L Y  T H O S E  I N  T HE  S I L L I M A N I T E  G N E I S S  
A B O V E  T H E  A N O R T H O S I T E S  A ND T H O S E  W I T H I N  T HE  A N O R T H 0 S I T E S  ,
H A V E  G R A D A T I O N A L  C O N T A C T S  S U G G E S T I V E  OF S E G R E G A T I O N S .  I R O N  
AND M A G N E S I U M  M I G H T  H A V E  B E E N  C O N C E N T R A T E D  I N  T H E S E  Z O N E S  
D U R I N G  A N A T E X I S .  T H E  S M A L L E R  A M O U N T  OF I R O N  AND M A G N E S I U M  
I N  T HE  Q U A R T Z  M O N Z O N 1 T I C  G N E I S S  AND A N O R T H O S I T  ES AS C O M P A R E D  
TO T HE  S I L L I M A N I T E  G N E I S S  M I G H T  BE E X P L A I N E D  BY T HE  C O N C E N ­
T R A T I O N  OF T H E S E  E L E M E N T S  I N  A M P H I  B O L I T  E S W I T H I N  AND A D J A C E N T  
TO T HE A N O R T H O S I T E S .
T h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  a m p h i b o l i t e s  w i t h i n
T HE A N O R T H O S I T E S  A R E  OF D I F F E R E N T  O R I G I N  T H A N  T H O S E  W I T H I N  
T HE  S I L L I M A N I T E  G N E I S S .  H O W E V E R ,  F ROM T A B L E S  7  AND 8  I T  CAN 
BE S E E N  T H A T  T H E R E  I S  NOT MUCH D I F F E R E N C E  B E T W E E N  T HE  A V E R A G E  
MODE F OR A M P H I B O L I T E S  FROM T H E  S I L L I M A N I T E  G N E I S S  A ND T H A T  
FOR T H O S E  F ROM T HE  A N 0 R T H O S I T E S .
T h e  n u m e r o u s  t o n a l i t i c  p o d s  f o u n d  a d j a c e n t  t o  t h e
A M P H I B O L I T E S  MAY BE S E G R E G A T I O N S  OF M A T E R I A L  F ROM T HE  
A M P H I B O L I T E S  W H I C H  F O R ME D  AT  H I G H  T E M P E R A T U R E S  D U R I N G  M E T A ­
M O R P H I S M .  T h e i r  v e r y  c o m m o n  a s s o c i a t i o n  w i t h  t h e  a m p h i b ­
o l i t e s  S U G G E S T S  T H A T  T H E R E  I S  SOME G E N E T I C  R E L A T I O N  B E T WE E N  
T HE TWO ROCK T Y P E S .  T H E  C H E M I C A L  C O M P O S I T I O N  OF A S P E C I M E N  
OF A M P H I B O L I T E  FROM W I T H I N  T H E  S I L L I M A N I T E  G N E I S S  WAS E S T I ­
M A T E D  FROM T H E  M O D E ,  A ND T H E  S AME WAS A L S O  DONE FOR A S P E C ­
I ME N  OF T HE  T O N A L  I T E O C C U R R I N G  A D J A C E N T  TO T H I S  A M P H I  BOL  I T E  
( T a b l e  2 1 ) .  A n a v e r a g e  h o r n b l e n d e  c o m p o s i t i o n  w a s  u s e d  i n
T HE  C A L C U L A T I O N S ,  AND P O T A S S I U M  I N  T HE  P L A G I O C L A S E  WAS NOT
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T a b l e  2 1 .  E s t i m a t e d  C h e m i c a l  C o m p o s i t i o n  o f  A m p h i b o l i t e  
AND T O N A L I T E  AND GABBRO A N A L Y S I S
A v e  o
O x i d e ____________ #55_______ #56________M i x t u r e ________G a b b r o ________Ga b b r o
s  1 ° 2 ^ 5 . 9 7 6 . 0 51 .9 5 0 . 3 7 4 8 . 6
A l ^ O ^ 1 7 . 3 16 . 7 1 7 . 3 ^ 1 6 . 8
F e 2 ° 3 9 . ^ 0.1 7 . 5 3.01J-
CO0
F e O 1 2 . 5 0.1 1 0 . 0 7 . 5 0 6 . 0
Mg O 5.1 0 . 7 1+.2 5 . 1 7 5.1
C a O 8 . 8 k . 6 7 - 9 7.4-1 8 . 9
Na 2 ° 0 . 5 3 . ^ 1 .1 3 . 8 0 3 - 7
o
CM 0 . 2 0 . 2 0 . 2 1 . O i l 1 .9
MATED
C h e m i c a l  c o m p o s i t i o n s
FROM MODAL A N A L Y S E S .
FOR S P E C I M E N S
S p e c i m e n  #55
#55 AND
1 S OF A
#56 E S T I  
T O N A L  1T 1C
POD L OC A T E D  A D J A C E N T  TO THE A M P H I B O L I T E  FROM WH I C H  S P E C I M E N  
# 5 6  WAS C O L L E C T E D .  THE C O M P O S I T I O N  I N  THE COLUMN L A B E L L E D  
M I X T U R E  I S  T HA T  D E R I V E D  FROM M I X I N G  THE A M P H I B O L I T E  AND 
T O N A L I T E  I N  THE R A T I O  OF T H E I R  OUTCROP AREA ( 8 0 , #  A M P H I B O L I T E  
AND 2 0 #  T O N A L I T E ) .  SEE F I G U R E  5 F 0 R A S K E T C H  OF T H I S  O U T ­
C R O P .  T h e  g a b b r o  a n a l y s i s  i s  t h a t  o f  a g a b b r o i c  d i k e  
L OC A T E D  NEAR B UNGA L OW,  I DAHO ( H l E T A N E N ,  1 9 6 3 ,  P 0 D 1 6 , A N A L ­
Y S I S  # 1 0 7 9 ) .  A v e r a g e  g a b b r o  a n a l y s i s  f r o m  T r a v i s  ( 1 9 5 5 ,  
p . 1 2 ).
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CON S I D E R E D <> A n A T T E M P T  WAS MADE TO E S T I M A T E  THE C O M P O S I T I O N  
OF T HE SE  AMPH I B O L I T E S  BEFORE TONA L I  T I C S E G R E G A T I O N  HAD T AK E N  
P L A C E  BY C O M B I N I N G  THE TWO A N A L Y S E S  I N THE P R O P O R T I O N S  OF 
THE OUTCROP AREA ( T A B L E  2 1 ) .  T H I S  C O M P O S I T I O N  WAS THEN COM­
PARED TO THE C O M P O S I T I O N  OF A GABBRO FROM NEAR B UNGAL OW,
I d a h o , a n d  a l s o  t o  a n  a v e r a g e  g a b b r o . T h e  m a i n  d i f f e r e n c e  
I N c o m p o s i t i o n  b e t w e e n  t h e  a m p h i b o l i t e  a n d  t o n a l i t e  m i x t u r e
AND THE C O M P O S I T I O N  OF A REA L  GABBRO I S  I N N A 2O AND K 2 0 o
T h e r e  i s  1 . 1 #  N a 2 0 i n  t h e  m i x t u r e  a s  c o m p a r e d  t o  3 * 7#  i n  t h e  
AVERAGE GABBRO AND 0 . 2 #  K ? 0 AS COMPARED TO 1 . 9 # c T HE RE  I S  
A L SO C O N S I D E R A B L Y  MORE I RON O X I D E  I N THE WE I G H T E D  A V E RA GE  OF 
THE E S T I M A T E D  C H E M I C A L  C O M P O S I T I O N S  AS COMPARED TO THE 
A N A L Y Z E D  G A B B R O S .  THE WE I G H T E D  AV ERAGE SHOWS 1 7 . 5 #  I RON 
O X I D E ,  AND THE A N A L Y Z E D  GABBROS C O N T A I N  S L I G H T L Y  OVER TEN PER 
CENT .
A WE I G H T E D  A V E RA GE  MODE FOR THE A M P H I B O L I T E  S P E C I M E N  
AND T O N A L I T E  S P E C I M E N  FROM WHI CH THE E S T I M A T E D  C H E M I C A L  
A N A L Y S E S  WERE MADE I S  G I V E N  I N  T A B L E  2 2 .  THE AMOUNT OF 
QUART Z  I N T H I S  MODE I S  C O N S I D E R A B L Y  H I G H E R  THAN FOR A GABBRO 
OR EVEN A QU A R T Z  G A B B R O ,  AND THE P L A G I O C L A S E  I S  MORE C A L C I C  
THAN THAT OF MOST G A B B R O S .  T H E S E  D I S C R E P A N C I E S  MAKE I T  SEEM 
U N L I K E L Y  T HAT T HES E  A M P H I B O L I T E S  AND T O N A L I T E S  R E S U L T E D  FROM 
THE ME T A MO R P H I S M OF GABBRO WI T H O U T  THE I N T R O D U C T I O N  OR 
REMOVAL OF SOME M A T E R I A L .
T h e  o r i g i n  o f  t h e s e  a m p h i b o l i t e s  i s  a n  i n t e r e s t i n g  
p r o b l e m ; a n d  t h o u g h  i t  i s  o u t  o f  t h e  s c o p e  o f  t h e  p r e s e n t
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T a b l e  2 2 .  We i g h t e d  A v e r a g e  Mo d e  f o r  S p e c i m e n s  # 5 5  a n d  # 5 6
We i GHTED
A v e r a g e *
Q u a r t z  1 7 - 5
P l a g . 3 8 . 3
H b . 4 1 . 9
B I O T i t e  1 . 8
C o m p , o f  P l a g .  A n . , /
76
T o t a l  9 9 . 5
* 2 0 % OF S P E C I M E N  # 5 5  ( T O N A L I T E )  AND 8 0 ^  OF S P E C I M E N  # 5 6  
( A M P H I B O L I T E ) U S E D .
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s t u d y , I T  I S  A P R O B L E M  T H A T  M I G H T  A I D  MUCH I N  T H E  I N T E R P R E ­
T A T I O N  OF T H E  M E T A M O R P H I C  R O C K S  A L O N G  T H E  E A S T E R N  B O R D E R  OF
t h e  I d a h o  b a t h o l i t h . A d e t a i l e d  c h e m i c a l  a n d  m i n e r a l o g i c a l
S T U D Y  OF T HE  A M P H I B 0 L I T E S , D I A B A S E  D I K E S ,  A ND ANY  R O C K S  
S I M I L A R  TO E I T H E R  OF T H E S E  F O U N D  I N  T H E  A R E A  B E T W E E N  B A S S
C r e e k  a n d  Mo r m o n  C r e e k  m i g h t  p r o v e  r e w a r d i n g .
AGE OF THE A N O R T H O S I T E S
T h e r e  i s  n o  d i r e c t  i n d i c a t i o n  o f  t h e  t i m e  o f  f o r m a t i o n  
OF T HE A N O R T H O S I T E S  I N  *THE B I T T E R R O O T  R A N G E .  T H E  I D A H O  B A T H -  
O L I T H  HAS  B E E N  D A T E D  A S  H A V I N G  F O R M E D  D U R I N G  T H E  C R E T A C E O U S ,  
AND P E R H A P S  T HE  A N O R T H O S I T E S  F OR ME D  A T  T H I S  T I M E .  T H E  P O S ­
S I B L E  A B U N D A N C E  OF H E A T  W I T H I N  T HE  A R E A  D U R I N G  T H E  F O R M A T I O N  
OF T HE  BA T HO L I T  H MAY H A V E  C A U S E D  L O C A L  A N A T E X I S  I N  T HE  
S U R R O U N D I N G  R OC K S  AND F O R M A T I O N  OF T HE  A N O R T H O S I T E S .  HOW­
E V E R ,  T HE AGE OF T H E  A N O R T H O S I T E S  I S  E X T R E M E L Y  P R O B L E M A T I C A L .
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C O N C L U S I O N S
A Q U A R T Z O F E L D S P A T H I C  S I L L I M A N I T E  G N E I S S  A D J A C E N T  TO THE 
A N O R T H O S I T  ES P R O B A B L Y  R E P R E S E N T S  AN A R G I L L I T E  OF THE B E L T  
S u p e r g r o u p  w h i c h  h a s  u n d e r g o n e  h i g h  g r a d e  m e t a m o r p h i s m „ 
A N O R T H O S I T E S , WHI CH C O N T A I N  TONA L I T I C  Z O N E S ,  ARE S P A T I A L L Y  
A S S O C I A T E D  WI T H  QU A R T Z  M O N Z O N I T I C  G N E I S S .  THE S P A T I A L  R E L A ­
T I O N  BETWEEN T H E S E  TWO ROCK T Y P E S  M I G H T  BE E X P L A I N E D  BY THE 
A N O R T H O S I T E S  H A V I N G  R E S U L T E D  FROM THE P A R T I A L  M E L T I N G  OF A 
S H A L E  WHI CH PRODUCED A QU A R T Z  M O N Z O N I T I C  MEL T  AND AN A N O R T H -  
O S I T I C  R E S I D U U M .  SUCH AN E X P L A N A T I O N  I S  S U P P OR T E D  BY THE 
E X P E R I M E N T A L  M E L T I N G  OF S H A L E  I N THE L A B O R A T O R Y  BY W l N K L E R  
a n d  v o n  P l a t e n  ( 1 9 5 8  a n d  1 9 6 0 ) .  W i n k l e r  a n d  v o n  P l a t e n  p r o ­
d u c e d  A QU A R T Z  M O N Z O N I T I C  MEL T  AND AN A N O R T H O S I T I C  R E S I D U U M ,  
THE C O M P O S I T I O N S  OF WH I C H  ARE S I M I L A R  TO THOSE OF THE QU A R T Z  
M O N Z O N I T I C  G N E I S S  AND A N O R T H O S I T E S  OF THE B I T T E R R O O T  R A N G E ,
A C O M P A R I S O N  BETWEEN THE C O M P O S I T I O N  OF THE S I L L I M A N I T E  
G N E I S S  AND THE C O M P O S I T I O N  OF THE A N O R T H O S I T E S  AND QU A R T Z  
M O N Z O N I T I C  G N E I S S  SHOWS T HAT  THE L A T T E R  TWO ROCKS COULD NOT 
HAVE R E S U L T E D  FROM THE S I M P L E  A N A T E X I S  OF THE S I L L I M A N I T E  
G N E I S S .  A N A T E X I S  OF A ROCK OF D I F F E R E N T  C O M P O S I T I O N  THAN 
T HA T  OF THE S I L L I M A N I T E  G N E I S S  OR A N A T E X I S  A C C O M P A N I E D  BY 
M E T A S O M A T I S M  MUST BE EMPL OYED TO E X P L A I N  THE C O M P O S I T I O N  OF 
THE A N O R T H O S I T E S .
A L B I T E  V E I N S  W I T H I N  THE A N O R T H O S I T E S  ARE A P P A R E N T L Y  OF
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H Y D R O T H E R M A L  O R I G I N .  A M P H I B O L I T E S  W I T H I N  T H E  S I L L I M A N I T E  
G N E I S S  ARE  A S S O C I A T E D  W I T H  T O N A L I T I C  P ODS  AND MAY H A V E  
R E S U L T E D  F ROM T H E  M E T A M O R P H I S M  OF G A B B R O .  D U R I N G  M E T A ­
M O R P H I S M  A C I D I C  M A T E R I A L  S E G R E G A T E D ,  F O R M I N G  T H E  T O N A L I T I C  
P ODS .
A P P E N D I X  
Mo d a l  A n a l y s e s  
T h i n  s e c t i o n s  o f  s p e c i m e n s  c o n t a i n i n g  p o t a s h  f e l d s p a r
WERE S T A I N E D  B E F O R E  P O I N T  C O U N T I N G .  T H E  M E T H O D  D E S C R I B E D  BY
S t e v e n s  ( 1 9 6 0 , p .  1 0 2 0 - 1 0 2 5 )  w a s  u s e d  w i t h  s l i g h t  m o d i f i c a ­
t i o n s  I N  T HE  T I M E S  F OR E T C H I N G  AND S T A I N I N G .  T H  I N S E C T I O N S  
WERE E T C H E D  BY HF  V A P O R  F OR TWO M I N U T E S  AND S T A I N E D  I N  A 
S A T U R A T E D  S O L U T I O N  OF S O D I U M  C O B A L T  I N I T R  I TE F OR T H R E E
m i n u t e s .  S l a b s  o f  a n o r t h o s i t e  s p e c i m e n s  w e r e  e t c h e d  i n  HF
A T  ROOM T E M P E R A T U R E  F OR TWO M I N U T E S .  T H I S  E T C H I N G  C A U S E D  
T H E  P L A G I O C L A S E  TO A P P E A R  C H A L K Y  U N D E R  T H E  M I C R O S C O P E ,  BUT  
T H E  Q U A R T Z  WAS NOT E T C H E D  TO S U C H  AN E X T E N T  AND A P P E A R E D  
G L A S S Y  .
I n m o s t  m o d a l  a n a l y s e s  1 0 0 0  P O I N T S  w e r e  c o u n t e d  u s i n g  
A M E C H A N I C A L  S T A G E .  B E C A U S E  T H E  S T R O N G  E T C H I N G  OF T H E  
A N O R T H O S I T E  S L A B S  MA D E  I T  D I F F I C U L T  TO R E C O G N I Z E  B I O T I T E ,  
C H L O R I T E ,  AND C L I N 0 Z O I S I T E , A M O U N T S  OF T H E S E  WERE D E T E R M I N E D  
BY P O I N T  C O U N T I N G  T H I N  S E C T I O N S  OF T H E  A N O R T H O S I T E  S P E C I M E N S .
O p t i c a l  D e t e r m i n a t i o n s  o f  P l a g i o c l a s e  C o m p o s i t i o n  
T h e  c o m p o s i t i o n  o f  p l a g i o c l a s e  i n  t h i n  s e c t i o n  w a s
D E T E R M I N E D  BY T HE  M E A S U R E M E N T  OF E X T I N C T I O N  P O S I T I O N .  A 
T O T A L  OF N I N E T E E N  D E T E R M I N A T I O N S  ON G R A I N S  F ROM F OU R
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A N O R T H O S I T  E T H I N  S E C T I O N S  WERE MADE U S I N G  THE FOUR A X I S  U N I ­
V E R S A L  STAGE AND THE METHOD D E S C R I B E D  BV SLEMMONS ( 1 9 6 2 ,
p .  5 —1 8 ) •  F o r  t h e s e  d e t e r m i n a t i o n s  g r a i n s  h a v i n g  t w i n
L A M E L L A E  OF I R R E G U L A R  WI D T H  AND THOUGHT TO BE T WI N N E D  A C C OR D ­
I NG TO THE P E R I C L I N E  LAW WERE NOT U S E D .  BY THE A P P L I C A T I O N  
OF THE METHOD O U T L I N E D  BY S L E MMO N S ,  ONE CAN D E T E R M I N E  THE 
T YP E OF T W I N N I N G .  A L L  OF THE N I N E T E E N  D E T E R M I N A T I O N S  WERE 
FOUND TO HAVE BEEN MADE ON G R A I N S  T WI N N E D  A C C O R D I N G  TO THE 
A L B I T E  OR C A R L S B A D  T WI N  L A WS .
A l t h o u g h  t h i s  m e t h o d  g i v e s  g o o d  r e s u l t s , i t  i s  q u i t e  
S L OW,  AND I T  WAS D E C I D E D  TO USE E X T I N C T I O N  ANGL E MEA S URE ME NT S  
I N S E C T I O N S  O R I E N T E D  P E R P E N D I C U L A R  THE A C R Y S T A L L 0 G R A P H I C
a x i s .  Gr a i n s  w e r e  s e l e c t e d  w h i c h  s h o w e d  w e l l  d e v e l o p e d
A L B I T E  T W I N N I N G  AND C L E A V A G E  I N T E R S E C T I N G  THE T W I N  P L A N E  AT 
CLOSE TO 9 0 ° .  By  t h e  u s e  o f  t h e  f o u r  a x i s  u n i v e r s a l  s t a g e ,  
SUCH G R A I N S  WERE O R I E N T E D  SO T HAT  THE T WI N  P L A N E  ( 0 1 0 )  AND 
C L E A V A G E  ( 0 0 1 )  WERE V E R T I C A L .  THE E X T I N C T I O N  P O S I T I O N  FOR 
THE SUB I N D I  V I DUAL  ON EACH S I D E  OF A T WI N  P L A N E  WAS MEASURED 
WI T H  R E F E R E NC E  TO THE T WI N  P L A N E .  I F  T H E S E  TWO A N GL E S  
D I F F E R E D  BY MORE THAN THREE D E G R E E S ,  THE D E T E R M I N A T I O N  WAS 
D I S C A R D E D .  FOR EACH D E T E R M I N A T I O N  THE E X T I N C T I O N  A N G L E S  WERE 
MEASURED THREE T I M E S ,  AND THE AV ERAGE ANGL E WAS USED I N 
D E T E R M I N I N G  THE A NORT H I T E  CONTENT OF THE P L A G I O C L A S E .  THE 
LOW T E MP E R A T U R E  CURVE I N TROGER ( 1 9 5 9 ,  P .  1 1 1 )  WAS USED TO 
D E T E R M I N E  C O M P O S I T I O N .  THE R E P R O D U C I B I L I T Y  OF T H I S  METHOD 
FOR THE L AB RA DOR I T E  C O M P O S I T I O N  RANGE WAS FOUND TO BE
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A N O R T H I T E  .
B e c a u s e  o f  t h e  w i d e  v a r i a t i o n  i n  c o m p o s i t i o n  o f  p l a g i o -
C L A S E  W I T H I N  A G I V E N  A N O R T H O S I T  E T H I N  S E C T I O N ,  I T  WAS N E C E S ­
S A R Y  TO M A K E  N U M E R O U S  D E T E R M I N A T I O N S  F OR  E A C H  T H I N  S E C T I O N .
F r o m  15 t o  50 d e t e r m i n a t i o n s  w e r e  m a d e  o n  e a c h  a n o r t h o s i t e
T H I N  S E C T I O N  WHERE P O S S I B L E .  I N  ONE T H I N  S E C T I O N  O N L Y  A F EW 
D E T E R M I N A T I O N S  WERE P O S S I B L E  B E C A U S E  OF A L T E R A T I O N .  S P E C I ­
ME N S  OF T H E  S I L L I M A N I T E  G N E I S S  AND Q U A R T Z  M O N Z O N I T I C  G N E I S S  
G E N E R A L L Y  H A V E  A MUCH S M A L L E R  R A N G E  OF P L A G I O C L A S E  C O M P O S I ­
T I O N .  I n  t h i n  s e c t i o n s  o f  t h e s e  s p e c i m e n s  f r o m  5 t o  1 0
D E T E R M I N A T I O N S  WERE MA D E  D E P E N D I N G  ON T H E  A B U N D A N C E  OF
P L A G I O C L A S E  G R A I N S  OF F A V O R A B L E  O R I E N T A T I O N  A ND T H E  R A N G E  I N
COMP OS  I T I  ON F O U N D .
I n u s i n g  t h i s  e x t i n c t i o n  a n g l e  m e t h o d  t h e  a s s u m p t i o n
I S  MA DE T H A T  A L B I T E  AND C A R L S B A D  T W I N N I N G  C A N  BE D I S T I N ­
G U I S H E D  F ROM O T H E R  T Y P E S  P R E S E N T .  T H I S  A S S U M P T I O N  A P P E A R S  
v a l i d ;  s i n c e  i n  a l l  o f  T H E  19 D E T E R M I N A T I O N S  c h e c k e d  b y  t h e  
S l e m m o n s  m e t h o d ,  t h e  t w i n  t y p e  h a d  b e e n  c o r r e c t l y  i d e n t i f i e d .
P r e p a r a t i o n  o f  P l a g i o c l a s e  f o r  C h e m i c a l  A n a l y s i s
H a n d  s p e c i m e n s  w e i g h i n g  f r o m  150 t o  300 g m s  w e r e  f i r s t
C R U S H E D  A N D  P U L V E R I Z E D  U N T I L  T H E  M A J O R I T Y  OF T H E  F R A G M E N T S  
WERE F I N E R  T H A N  35 U . S .  S T A N D A R D  M E S H .  T H I S  M A T E R I A L  WAS 
T H E N  S I E V E D  TO O B T A I N  T H A T  F R A C T I O N  B E T W E E N  35 A N D  120  M E S H ,  
W H I C H  I S  T H E  B E S T  S I Z E  R A N G E  TO F E E D  T H R O U G H  T H E  M A G N E T I C  
S E P A R A T O R .  A L T H O U G H  SOME S A M P L E S  WERE WA S H E D  TO R E M O V E  D U S T ,
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I T  WAS FOUND T HAT  T H I S  I S  U N NE CE S S A R Y  FOR THOSE S A MP L E S  WHI CH
HAD BEEN S I E V E D  ON THE RO TAP M E C H A N I C A L  S I E V E R .
A 1 0 - 2 0  GM S P L I T  OF T H I S  S A MP L E  WAS FED THROUGH THE
F r a n z  i s o d y n a m i c  s e p a r a t o r  a t  a  s l o w  r a t e  o f  f e e d . T h e
F O L L O W I N G  S E T T I N G S  WERE USED ON THE M A G N E T I C  S E P A RA T OR  TO
S E P A R A T E  B I O T I T E  AND C H L O R I T E  FROM QU A R T Z  AND P L A G I O C L A S E 5
T I L T  ABOUT THE LONG A X I S  
1 0 °  T I L T  ABOUT  THE SHORT A X I S  
0 . 7  TO 1 . 2  A MPE RES OF CURRENT
A f t e r  o n e  r u n  t h r o u g h  t h e  m a g n e t i c  s e p a r a t o r , t h e  n o n ­
m a g n e t i c  F R A C T I O N  OF THE S A MP L E  WAS E X A M I N E D  UNDER THE 
B I N O C U L A R  M I C R O S C O P E  FOR C H L O R I T E  AND B I O T I T E .  I N MANY 
I N S T A N C E S  G R A I N S  OF PL AG I O C L A S E  WHI CH C O N T A I N E D  F L A K E S  OF 
B I O T I T E  AND C H L O R I T E  WERE P R E S E N T .  T H E S E  G R A I N S  WERE S E P A ­
RATED FROM THE P L A G I O C L A S E  AND QU A R T Z  BY R U N N I N G  THE S A MP L E 
THROUGH THE M A G N E T I C  S E P A R A T O R  AT H I G H  A M P E R A G E ,  SLOW RATE 
OF F E E D ,  AND A T I L T  OF A P P R O X I M A T E L Y  2 DE GRE ES ABOUT  THE 
LONG A X I S  OF THE S E P A R A T O R .
S e v e r a l  s a m p l e s  w e r e  p o i n t  c o u n t e d  u n d e r  t h e  b i n o c u l a r
MI C R O S C O P E  I N AN EF F ORT  TO D E T E R M I N E  THE AMOUNT OF B I O T I T E  
AND C H L O R I T E  L E F T  I N P L AG I O C L A S E  AND QU A R T Z  F R A C T I O N  OF THE
s a m p l e . T h e r e  w a s  l e s s  t h a n  o n e  p e r  c e n t  b i o t i t e  a n d
C H L O R I T E  I N  T HOSE E X A M I N E D .  S P E C I M E N S  WHI CH C O N T A I N E D  MORE 
THAN 0 mUf% C L I N O Z O I S I T E  AND MORE THAN A TRACE OF M U S C O V I T E  
WERE NOT USED FOR P L A G I O C L A S E  A N A L Y S E S  B ECAUSE OF THE D I F F I ­
C U L T Y  OF S E P A R A T I O N  OF T H E S E  M I N E R A L S .  THE M A T E R I A L  A N A L Y Z E D  
FROM A N O R T H O S I T E  S P E C I M E N S  C O N S I S T E D  E S S E N T I A L L Y  OF
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P L A G I O C L A S E  AND QUA RT Z o
A b o u t  1 . 3  gm o f  t h e  p r e p a r e d  s a m p l e  w a s  g r o u n d  b y  t h e  
u s e  o f  t h e  W i g  L  B u g  M o d e l  4  g r i n d e r  u s i n g  a  s t a i n l e s s  s t e e l
C A P S U L E  AND R O D .  T H E R E  I S  A T E N D E N C Y  F OR  T H E  S A M P L E  TO P A C K  
A L O N G  T H E  S I D E S  OF T H E  C A P S U L E  D U R I N G  G R I N D I N G .  F OR  T H I S  
R E A S O N  T HE  S A M P L E  WAS D U M P E D  OUT OF T H E  C A P S U L E  AND T H E  W A L L S  
OF T HE  C A P S U L E  WERE S C R A P E D  C L E A N  A F T E R  F I V E  M I N U T E S  OF  
G R I N D I N G .  T h e  SAME S A M P L E  WAS T H E N  P U T  B A C K  I N  T H E  C A P S U L E  
AND GROUND FOR A N O T H E R  F I V E  M I N U T E S .  T H I S  S A ME  G R I N D I N G  
P R O C E D U R E  WAS F O L L O W E D  F OR A N O T H E R  1 . 3  GRAM P O R T I O N  OF T HE  
S AME S A M P L E .  T H E S E  TWO F R A C T I O N S  WERE T H E N  M I X E D  T O G E T H E R  
I N A P L A S T  1C V I A L .
A P I P E T T E  A N A L Y S I S  OF AN A N O R T H O S  I TE S A M P L E  GROUND I N  
T H I S  M A N N E R  SHOWED I T  TO C O N S I S T  OF P A R T I C L E S  S M A L L E R
T H A N  1 M I C R O N .  A S A M P L E  GROU N D  F OR F I V E  M I N U T E S  WAS F O U N D  
TO C O N S I S T  OF P A R T I C L E S  S M A L L E R  T H A N  7 . 8  M I C R O N S .
S e p a r a t i o n  o f  P e r t h i t e  f r o m  P l a g i o c l a s e
F o r  d e t a i l e d  x - r a y  d i f f r a c t i o n  w o r k  w i t h  t h e  f e l d s p a r s , 
i t  w a s  n e c e s s a r y  t o  s e p a r a t e  p e r t h i t e  f r o m  p l a g i o c l a s e .  A
S P E C I M E N  OF ROCK WAS F I R S T  GROUND AND S I E V E D  TO O B T A I N  A 
F R A C T I O N  C O N S I S T I N G  OF P A R T I C L E S  I N C L U D E D  B E T W E E N  6 0  AND 1 2 0  
U . S .  S T A N D A R D  ME SH S I E V E S .  B l O T I T E  A ND C H L O R I T E  WERE S E P A ­
R A T E D  BY T H E  M A G N E T I C  S E P A R A T O R  I N  T H E  M A N N E R  D E S C R I B E D  I N  
T HE  P R E V I O U S  S E C T I O N .
P e r t h i t e  w a s  t h e n  s e p a r a t e d  f r o m  p l a g i o c l a s e  a n d  q u a r t z
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ON THE B A S I S  OF S P E C I F I C  G R A V I T Y .  THE S P E C I F I C  G R A V I T Y  FOR 
POTASH F E L D S P A R  I S 2 . 5 7 ,  FOR O L I G O C L A S E  OF A N 2 6 C O M P O S I T I O N  
I S  2 . 6 5 ,  AND FOR QU A R T Z  I S  2 . 6 6 .  BROMOFORM OF S P E C I F I C  
G R A V I T Y  2 . 8 7  AND DMF ( N , N - D I M E T H Y L  F O R M A M I D E )  OF S P E C I F I C  
G R A V I T Y  0 . 9 5  WERE M I X E D  I N SUCH P R O P O R T I O N S  T HAT  THE R E S U L T ­
I NG L I Q U I D  HAD A S P E C I F I C  G R A V I T Y  OF 2 . 61 ( H l C K L I N G ,  ET A L . ,
1 9 6 1 ).  T h e  s p e c i f i c  g r a v i t y  o f  t h e  b r o m o f o r m  u s e d  a n d  t h a t
OF THE P RE P A R E D  S O L U T I O N  WERE CHECKED BY A PYCNOMET E R • THE 
SAMPL E WAS DUMPED I N A S E P A RA T OR Y  F U N N E L  C O N T A I N I N G  THE BROMO­
FORM S O L U T I O N  AND AL L OWED TO S E T T L E  FOR AT L E A S T  3 0  M I N U T E S .
T h e  m a t e r i a l  w h i c h  h a d  t h e n  s e t t l e d  t o  t h e  b o t t o m  o f  t h e
F U N N E L  WAS T A K E N ,  AND T HAT  WHI CH WAS F L O A T I N G  I N  THE F U NN E L  
WAS A L S O S A V E D .  THE M A T E R I A L  N E I T H E R  F L O A T I N G  OR S E T T L I N G  
WAS D I S C A R D E D  B E CA US E I T  WAS THOUGHT T H A T  T H I S  M A T E R I A L  CON­
S I S T E D  OF G R A I N S  COMPOSED OF BOTH P E RT H I T E AND P L A G I O C L A S E .
T h e s e  f e l d s p a r  s e p a r a t i o n s  w e r e  c h e c k e d  b y  c o u n t i n g  1 0 0
F E L D S P A R  G R A I N S  I N  AN I M M E R S I O N  MOUNT OF O I L  W I T H  AN I N D E X  OF 
R E F R A C T I O N  OF 1 * 5 3 6 .  A L L  I N D I C E S  FOR P L A G I O C L A S E  OF A N 2 g 
C O M P O S I T I O N  ARE G R E A T ER THAN 1 * 5 3 6 ,  AND THOSE FOR O R T H O C L A S E  
ARE L E S S  THAN T H I S .  I N MANY I M M E R S I O N  MOUNTS QUART Z  CAN BE 
R E A D I L Y  D I S T I N G U I S H E D  FROM F E L D S P A R  BECAUSE OF THE D I F F E R E N C E  
I N C L E A V A G E .  T HUS  A L L  F E L D S P A R  G R A I N S  WI T H  I N D I C E S  GREATER 
THAN THE O I L  WERE COUNTED AS P L A G I O C L A S E ,  AND THOSE WI T H 
I N D I C E S  L E S S  THAN THE O I L  AS P E R T H I T E .  THE P E R T H I T E  S E P A R A ­
T I O N  RANGED FROM 8 4 - 1 0 0 ^  P E R T H I T E  AND AV ERAGED 9 5 ,^  P E R T H I T E .
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X - R a y  D i f f r a c t i o n  E x a m i n a t i o n  o f  t h e  F e l d s p a r s
I n  o r d e r  t o  e s t i m a t e  t h e  t o t a l  c o m p o s i t i o n  o f  p e r t h i t e  
BY T HE  ME T H O D  D E S C R I B E D  BY T U T T L E  AND BOWEN ( 1 9 5 8 ,  P ,  1 0 - 1 3 ) ,  
I T  I S  F I R S T  N E C E S S A R Y  TO H O M O G E N I Z E  T H E  P E R T H I T E  BY H E A T I N G  
I T  TO A T E M P E R A T U R E  A B O V E  T H E  S O L V U S  OF T H E  A L B I T E - P O T A S H  
F E L D S P A R  S Y S T E M  AND T H E N  Q U E N C H I N G  T H E  H O MO G E N O U S  P H A S E #
S l a b s  o f  s p e c i m e n s  w e r e  h e a t e d  i n  a n  e l e c t r i c  t u b e  t y p e  f u r ­
n a c e  A T  T E M P E R A T U R E S  FROM 9 0 0  TO 1 0 1 0 °  C AS M E A S U R E D  BY A 
T H E R M O C O U P L E  P L A C E D  B E T W E E N  TWO OF T H E  S L A B S .  E X T E N D E D  H E A T ­
I N G WAS F O U N D  TO BE N E C E S S A R Y  F OR  C O M P L E T E  H O M O G E N I Z A T I O N .
S a m p l e s  w e r e  h e a t e d  f r o m  2 3  t o  3 8  d a y s .  T h e  s l a b s  w e r e  t h e n
GROUND U P ,  AND T H E  POWDER WAS P A C K E D  I N  A L U M I N U M  WE L L  MO U N T S  
W I T H  A S P A T U L A .  S I N C E  NO P E A K  I N T E N S I T Y  M E A S U R E M E N T S  WERE 
M A D E ,  NO A T T E M P T  WAS MADE TO P R E V E N T  A P R E F E R R E D  O R I E N T A T I O N  
OF T HE F E L D S P A R .
T h e  a n g u l a r  s e p a r a t i o n  b e t w e e n  t h e  ( " 2 0 1 )  f e l d s p a r  
R E F L E C T I O N  AND T H E  ( 1 0 T 0 )  R E F L E C T I O N  OF Q U A R T Z  WAS M E A S U R E D  
ON A D I F F R A C T I O N  P A T T E R N .
C o n d i t i o n s  f o r  r u n n i n g  x - r a y  p a t t e r n s :
N o r e l c o  d i f f r a c t o m e t e r  
C o p p e r  t u b e :  40  k v  a n d  18 ma 
N i c k e l  f i l t e r  
G e i g e r  t u b e :  1 60 0  v 
C o l l i m e t e r  s l i t  w i d t h :  1 °
S c a l e  f a c t o r :  1 . 2  t o  2 
T I ME C O N S T A N T  : 2 OR 4 
S c a n  s p e e d :  -J-0  2 0  p e r  m i n u t e
C h a r t  s p e e d : o n e  i n c h  p e r  m i n u t e
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P e a k  P O S I T I O N S  WERE MEASURED TO THE C L O S E S T  0 * 0 1 °  2 0  AT ABOUT  
3 / ^  OF T H E I R  MA X I MU M H E I G H T .
S y m m e t r y  d e t e r m i n a t i o n s  w e r e  m a d e  o f  t h e  f e l d s p a r  b y  
M E A S U R I N G  THE A N G U L A R  S E P A R A T I O N  BETWEEN THE ( 1 31 ) AND (1*3*1)  
R E F L E C T I O N S  ON AN X - R A Y  D I F F R A C T I O N  P A T T E R N .  FOR A N O R T H O S I T E  
S P E C I M E N S  D I F F R A C T I O N  P A T T E R N S  WERE RECORDED FOR S A MP L E S  OF 
THE WHOLE R O C K .  H OWE V E R ,  FOR T HOSE S P E C I M E N S  C O N S I S T I N G  OF 
BOTH PERTH I T E AND P L A G I O C L A S  E , THE TWO F E L D S P A R S  WHI CH HAD 
BEEN P R E V I O U S L Y  S E P A R A T E D  FOR STUDY OF THE P E R T H I T E  WERE EACH 
S U B J E C T E D  TO X - R A Y  E X A M I N A T I O N .  S E T T I N G S  OF THE X - R A Y  
D I F F R A C T I O N  U N I T  AND RECORDER WERE THE SAME AS T HOSE D E S C R I B E D  
FOR THE P E R T H I T E  D I F F R A C T I O N  WORK.  THE ( 1 31 ) AND ( 1 * 3 1 )  
R E F L E C T I O N S  WERE SCANNED T W I C E ,  AND THE A N GU L A R  S E P A R A T I O N  
OF T HE SE  TWO P E A K S  MEASURED AT 3 / k  T H E I R  MA X I MU M H E I G H T  WAS 
A V E R A G E D .  THE R E P R O D U C I B I L I T Y  OF T H E S E  ME A S U RE ME NT S  FOR A 
G I V E N  S A MP L E I N  D I F F E R E N T  MOUNTS WAS P L U S  OR M I N U S  0 . 0 ^ °  2 0 .
X - R a y  E m i s s i o n  S p e c t r o s c o p y
A N o r e l c o  t h r e e  p o s i t i o n  s p e c t r o g r a p h  w a s  u s e d  f o r  CaO 
AND K 2 O D E T E R M I N A T I O N S .  THE POWDERED S A MP L E  WAS PA CKE D I NT O 
A P L A S T I C  S A MP L E  HOL DER WHI CH WAS S U P P OR T E D  BY 0 . 0 0 0 2 5 "
T H I C K  M Y L A R .  C A L C I U M  K A L P H A  AND P O T A S S I U M  K A L P H A  PEAK 
I N T E N S I T I E S  WERE RECORDED ON A S T R I P  CHART A F T E R  H A V I N G  BEEN 
MEASURED BY A GAS FLOW P R O P O R T I O N A L  C O U N T E R .  A CHROMI UM 
T ARGET TUBE WAS THE SOURCE OF THE X R A D I A T I O N ,  AND A H E L I U M  
AT MOS P HE RE  WAS M A I N T A I N E D  BETWEEN THE S A MP L E  AND C O U N T E R .
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A ST A ND A RD  E Q U I V A L E N T  I N C O M P O S I T I O N  TO ANDES I N E WAS 
USED FOR A L L  OF THE C a O AND K 2 0 D E T E R M I N A T I O N S .  T H I S  S T A N ­
DARD C O N T A I N S  9 * 6 $  Ca O AND 0 . 3 1 $  WAS p r e p a r e d  BV
m i x i n g  A l 2 0 ^ ,  S i 0 2 , Ca ( 0 H ) 2 , KC l , a n d  t h e  N a t i o n a l  B u r e a u  o f  
S t a n d a r d s  s o d a  f e l d s p a r  #1 i n  t h e  c o r r e c t  p r o p o r t i o n s .  
D i f f i c u l t y  w a s  e n c o u n t e r e d  i n  a d d i n g  t h e  c o r r e c t  a m o u n t  o f
P O T A S S I U M  TO T H I S  S T A N D A R D ,  AND THE AMOUNT OF P O T A S S I U M  WAS 
D E T E R M I N E D  BY C O M P A R I S O N  TO THE N A T I O N A L  BUREAU OF ST A ND A RD S  
SODA F E L D S P A R  #1 WHI CH C O N T A I N S  0 . 4 1 $  K 2 0 .
A l l  p e a k s  w e r e  s c a n n e d  t w i c e  a n d  t h e  a v e r a g e  i n t e n s i t y  
WAS U S E D .  T h e  s t a n d a r d  w a s  r u n  a f t e r  e v e r y  s e c o n d  u n k n o w n ,  
AND D R I F T  C O R R E C T I O N S  WERE MADE FOR THE PEAK I N T E N S I T I E S  OF 
THE UNKNOWNS.  PEAK I N T E N S I T I E S  WERE THEN COMPARED D I R E C T L Y  
TO THOSE OF THE S T A N D A R D .  I T  WAS C A L C U L A T E D  T HAT  BY N E G L E C T ­
I NG M A T R I X  C O R R E C T I O N S  A MAX I MUM ERROR OF 1 * 7 $  Ca O AND 1 . 5 $  
K 2 0 WAS I N T R O D U C E D .  THE ST A NDA RD D E V I A T I O N  BETWEEN D E T E R ­
M I N A T I O N S  MADE OF D I F F E R E N T  MOUNTS OF THE SAME S A MPL E WAS 
C A L C U L A T E D  TO BE 1 . 4 $  Ca O AND 3 . 9 $  K 2 0 .
F l a m e  P h o t o m e t r y
A f t e r  t h e  p l a g i o c l a s e  s a m p l e s  h a d  b e e n  a n a l y z e d  f o r  
CaO a n d  K 2 0 o n  t h e  x - r a y  f l u o r e s c e n c e  u n i t ,  a o n e  o r  j  g r a m  
s p l i t  o f  t h i s  s a m p l e  w a s  d i g e s t e d ;  a n d  t h e  s o l u t i o n  a n a l y z e d  
f o r  N a 2 0 o n  a P e r k i n  E l m e r  f l a m e  p h o t o m e t e r .  T h e  p r o c e d u r e  
FOR D I G E S T I O N  I S  AS F O L L O W S :
- 1 5 2 -
1 )  1 . 0 0  OR 0 . 5 0  GM OF T H E  P O WD E R E D  S A M P L E  I S  P L A C E D  I N  
A P L A T I N U M  E V A P O R A T I N G  D I S H  AND M O I S T E N E D  W I T H  D I S ­
T I L L E D  W A T E R .
2 )  1 0  ML  OF H F  A R E  A D D E D  S L O W L Y  TO T H E  S A M P L E .
3 )  S a m p l e  i s  h e a t e d  a t  a b o u t  1 0 0 °  C f o r  a b o u t  30
S E C O N D S  W H I L E  S T I R R I N G .
4 )  2 0  ML OF H CL O / j ,  I S  A D D E D  TO S A M P L E .
5 )  S a m p l e  i s  h e a t e d  a t  a  t e m p e r a t u r e  h i g h  e n o u g h  t o
V A P O R I Z E  S l F ^  AND H F  W I T H O U T  S P A T T E R I N G .
6 )  S o l u t i o n  i s  e v a p o r a t e d  t o  75$ d r y n e s s  ( b e f o r e  75$
D R Y ,  D E N S E  H C l O ^  V A P O R  W I L L  BE S E E N ) .
7 )  S o l u t i o n  i s  c o o l e d  a n d  2 0 - 3 0  m l  o f  d i s t i l l e d  w a t e r
I S  A D D E D .  A C L E A R  S O L U T I O N  S H O U L D  R E S U L T .
8 ) S o l u t i o n  i s  e v a p o r a t e d  t o  d r y n e s s ,  u s i n g  l o w  h e a t
F OR  F I N A L  D R Y I N G .
9 )  C a k e  i s  d i s s o l v e d  w i t h  2 - 5  m l  o f  H C l O ^  a n d  h o t  d i s ­
t i l l e d  w a t e r .  T h i s  s o l u t i o n  s h o u l d  b e  c l e a r .
T h e  s o l u t i o n  w a s  t h e n  d i l u t e d  t o  1 0 0  m l  b y  t h e  a d d i t i o n
OF D I S T I L L E D  W A T E R .  T H I S  S O L U T I O N  WAS T H E N  M I X E D  W I T H  A 
L I T H I U M  I N T E R N A L  S T A N D A R D  S O L U T I O N  AND D I S T I L L E D  WA T E R  I N  
SUCH P R O P O R T I O N S  T H A T  T H E  F I N A L  S O L U T I O N  C O N T A I N E D  8 0 0  PPM 
L I T H I U M  AND B E T W E E N  2 0  AND 4 0  PPM S O D I U M .  S T A N D A R D  S O L U T I O N S  
WERE M I X E D  C O N T A I N I N G  S O D I U M  I N  5  PPM I N C R E M E N T S  B E T W E E N  2 0  
AND 4 0  PPM S O D I U M  AND A L L  C O N T A I N I N G  8 0 0  PPM L I T H I U M .
D r i f t  w a s  a  p r o b l e m  i n  m a k i n g  d e t e r m i n a t i o n s  o n  t h e
F L A M E  P H O T O M E T E R .  A F T E R  T HE  U N I T  WAS N U L L E D  A T  C O N C E N T R A ­
T I O N S  OF 0  AND 4 0  PPM S O D I U M ,  T H E  UNKNOWN S O L U T I O N  WAS I N T R O ­
D U C E D  I N T O  T H E  A T O M I Z E R  AND T H E  R E A D I N G  WAS R E C O R D E D .  N E X T  
T HE C L O S E S T  S T A N D A R D  TO T H I S  C O N C E N T R A T I O N  WAS A N A L Y Z E D ,
T H E N  T HE  U N K N O W N ,  A ND T H E N  T HE  S T A N D A R D  A G A I N .  D R I F T  WAS
- 1 5 3 -
ASSUMED TO BE L I N E A R  BETWEEN T H E S E  D E T E R M I N A T I O N S ;  AND I N  
THOSE C A S E S  WHERE T HE RE  WAS SUDDEN OR E R R A T I C  D R I F T ,  ANOT HER  
A N A L Y S I S  WAS M A D E .  A F T E R  EVERY SECOND UNKNOWN WAS A N A L Y Z E D ,  
THE U N I T  WAS A G A I N  N U L L E D  AT C O N C E N T R A T I O N S  OF 0 AND ^ 0  PPM 
S O D I U M .  T h e  s t a n d a r d  d e v i a t i o n  b a s e d  o n  t e n  a n a l y s e s  o f  o n e
D I G E S T I O N  I S  OF THE AMOUNT OF S O D I U M  P R E S E N T .  D U P L I C A T E
D I G E S T I O N S  OF 8  S A MP L E S  WERE M A D E ,  AND THE M A X I MU M D I F F E R E N C E  
BETWEEN TWO D I G E S T I O N S  OF THE SAME S A MP L E  WAS 2% .  THE A V E R ­
AGE V A R I A T I O N  BETWEEN THE D U P L I C A T E  D I G E S T I O N S  WAS 0 . 8 ^
SOD I U M .
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